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BCTyn
B yMOBax 6e3nepepBHoro po3BHTKy npoMHenoBoeri KpaiHH 3'aBaaeTbca yce 
öiabme ö öiabme hobhx nignpneMCTB, aKi BHocaTb BKaag y 3ÖiabmeHHa 
eHeprocno^HBaHHa. Caig TaKo^ 3ayBä®HTH, rn,o 3i 3ÖiabmeHHaM HHcaa 
eHeprocno^HBawHHx oö'eKTiB, po3mnproeTbca rn,mbmcTb reorpa^iHHoro
po3TamyBaHHa cno^HBaniB eaeKTpHHHoi eHeprii. y  3B'a3Ky i3 ^HM 3'aBaaeTbca 
noTpeöa b po3mnpeHHi icHywnnx Mepe®: i b CTBopeHHi hobhx. 3pocTawHa KiabKicTb 
eHeprocno^HBawHHx oö'eKTiB Bege go 3ÖiabmeHHa noTy^HocTeö, aKi nepegawTbca 
no eneKTpHHHHx Mepe^ax. OgHHM i3 HaöroaoBHimHx 3aBgaHb cborogHi e eKoHoMiHHe 
BHKopncTaHHa icHywHoro eaeKTpHHHoro oöaagHaHHa ö po3poÖKa HoBoro 3 
noainmeHHMH napaMeTpaMH.
^aHa poöoTa e BHnycKHow poöoTow öaKaaaBpa 3a cne^aabHic™  141 
«EaeKTpoeHepreTHKa, eaeKTpoTexHiKa Ta eaeKTpoMexaHiKa».
BHKoHaHHa öaKaaaBpcbKoi poöora HeoöxigHo 3 MeTow:
-  npngöaHHa gocBigy aHaai3y oTpHMaHHx pe3yabTaTiB, ^opMyBaHHa bhchobmb 
i nyöaiaHoro 3axncTy BHKoHaHoi poöoth;
-  ^opMyBaHHa mbhhok BHKopncTaHHa oTpHMaHHx 3HaHb, nig Hac po3B'a3aHHa 
KoHKpeTHHx npaKTHHHHx i HayKoBo-TexHiHHHx 3agaa;
-  npngöaHHa gocBigy BHKoHaHHa TexHiHHoi goKyMeHTa^i noacHWBaabHoi 
3anncKH h KpecaeHb BignoBigHo go yMoB giwHHx cTaHgapTiB;
-  cncTeMaTroa^i, 3aKpinaeHHa ö noranöaeHHa TeopeTHHHHx i npaKTHHHHx 
3HaHb no 3araabHoTexHiHHHx i cne^aabHHx gn^nnam ax  3a HanpaMKoM 
npo^eciÖHoi nigroToBKH.
y  n p o ^ c i BHKoHaHHa ÖaKaaaBpcbKoi poöoTH HeoöxigHo BHpimHTH TaKi 3agaHi:
1. 3a 3agaHHMH HaBaHTa^eHHaMH i gob^ hhaMH aiHiö BHÖpaTH Hanpyry 
Mepe^i.
2. 3a HanpyraMH Mepe^i ö HaBaHTa^eHHaMH BHÖpaTH THn npoBogiB 
noBiTpaHHx aiHifi.
3. 3a HanpyraMH Mepe^i ö HaBaHTa^eHHaMH BHÖpaTH TpaHc^opMaTopn.
Apxyw
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4. BroH aw ra nmoMi napaMeTpn .HEn i KaTaao^Hi gaHi TpaHC^opMaTopiB. 
BHKoHaTH po3paxyHKH napaMeTpiB cxeMH 3aMirn,eHHa aiHii H TpaHC^opMaTopiB. 
BH3HanHTH npHBegern go CTopoHH BH HaBaHTa^eHHa TpaHC^opMaTopiB (3 
ypaxyBaHHaM BTpaT b oÖMoraax TpaHC^opMaTopiB).
5. CKaacra po3paxyHKOBy cxeMy 3amm,eHHa Mepe^i H BH3HaaHTH 
po3paxyHKOBi HaBaHTmeHHa By3aiB Mepe^i (3 ypaxyBaHHaM BTpaT y r ia ^  
HaMaraiayBaHHa TpaHC^opMaTopiB i peaKTHBHoi noTy^HOCTi, aKa reHepyeTtca 
airnaMH).
6. BHKOHaTH po3paxyHKH HopMaatHoro pe^HMy 3aMKHeHoi Mepe:m (yci aiHii 
BKaroaem B poöoTy) gaa gBox BHnagKiB: pe^HM MaKCHMaatHoro HaBaHTa^eHHa 
(3agaHi) i pe^HM MiHiMaatHoro HaBaHTa^eHHa (npHHHaTH piBHoro 50% Big 3agaHoi). 
BH3HanHTH HanpyrH y By3aax Mepe^i, BTpaTH Hanpyrn H BTpaTH noTy^HocTi B 
Mepe^i. BHKoHaTH aHaai3 oTpHMaHHx pe3yatTaTiB.
7. n p n  HeoöxigHocTi 3anponoHyBaTH cnocoön peryaroBaHHa Hanpyrn y By3aax 
HaBaHTa^eHHa.
8. ^ a a  oöpaHoi nigcTaH^i, aKa BxogHTt go CKaagy po3raaHyToi Mepe^i, 
BHKoHaTH nepeBipKy BHÖopy noTy^HocTi chhobhx TpaHC^opMaTopiB, ycraHoBaeHHx 
Ha nigcTaH^i.
9. Po3paxyBaTH CTpyMH KopoTKoro 3aMHKaHHa gaa 3aöe3neaeHHa 3axncTy 
mgcTam,ii.
10. BnöpaTH 3a yMoBaMH poöora BHcoKoBoatTHi anapaTH po3nogiatHHx 
npncTpoiB nigcTaH^i h nepeBipHTH ix Ha Mo^aHBicTt cnpa^oByBaHHa B yMoBax 
KopoTKoro 3aMHKaHHa.
11. BHKoHaTH po3paxyHKH peaeHHoro 3axncTy BHcoKoBoatTHoi noBiTpaHoi 
aiHii, noöygyBaTH KapTy ceaeKTHBHocTi.
12. npoBecTH po3paxyHoK 6aHCKaBKo3axHCTy 3axHCHoro BPn.
13. 3poÖHTH bhchobkh npo pe3yatTaTH BHKoHaHHx po3paxyHKiB.
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1. PO3PÄXYHOK PE^HMIB POBOTH E^EKTPHHHOI MEPE^I
1.1 Bnxigm gaHi ĝ H BHKOHaHHH öaKa.iaBpebKoi poöoTH
3rigH0 3 OTpHMaHHM 3aBgaHH^M, HeoöxigHO po3paxyBara eneKTpHHHy Mepe^y, 
ogHommÖHa eneKTpHHHa cxeMa aKoi HaBegeHa Ha pnc. 1.1.
A
PncyHOK 1.1 -  BnxigHa ogHommÖHa eneKTpHHHa cxeMa 3'egHaHt 
3agaHoi eneKTpHHHoi Mepe:m
^ ob^ hhh mmfi i noTy^HOCTi HaBaHTa^eHt eneKTpHHHoi Mepe^i HaBegeHi b 
Ta ö n ^ i  1.1.
T aö n n ^  1.1 -  Bnxigm gam eneKTpHHHoi Mepe^i
^OB^HHa TO, KM noTy^HOCTi HaBaHTa^eHt By3niB, MBA
^-1 fl-2 fl-3 ^-4 Si S2 S3
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1.2 Bnöip Hanpyr .imin
npHHMeMO HaBaHTä^eHHA By3na 6 piBHOMy HaBaHTa^eHHro By3na 7, 
HaBaHTa^eHHa By3na 1 piBHOMy HaBaHTa^eHHro By3niB 5 i 8. 3o6pa3HMO 3aMKHeHy 
Mepe^y, rn,o CKnagacrtca 3 mmfi .H-1, .H-2, .H-3 (pnc. 1.2). BH3HanHMO po3paxyHKOBi
HaBaHTä^eHHA By3niB 1 i 6.
A
PncyHOK 1.2 -  3aMKHeHa Mepe^a
S lP = S x =  60 + j 50 M B A ;
S2P = S2 + S3 = 30 + j 20 + 5 + j 8 = 35 + j 28 M BA .
BH3HaneHHa b 3aMKHeHifi nacTHHi Mepe^i po3noginy noTy^HOCTefi MO^Ha 
ii yMOBHO po3ginHTH no g^epeny ^HBneHHa A i npegcTaBHTH y BHrragi nimi i3 
gBOCTopoHHiM ^HBneHH^M (puc. 1.3). no3HaHHMO noTy^HOCTi Ha ginaHKax Mepem
Sa 6 S 61 S b i
----- ► 6 » «
A q q BS 1P S 2P
PncyHOK 1.3 -  Po3iMKHyTa Mepe^a 
BH3HanaeMO nOTy^HOCTi Ha giraHKax pO3iMKHyTOi Mepe^i
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S  = S f  (S +  S S  S 2s (S ) = 52>1 J + 7 5  MBA .
Â6 +  hs +  6̂1
S 6i = S a6 -  S jp =  -7 ,89 -  76,95 M BA ;
S  = S 2 S ( SJ + S  6 S  Sl f  S a6 ) = 42,89 + 734,95 M BA .
A  + ̂ 61 + As
CKnageMO piBHaHHa öaaaHcy noTy^HOCTi
SA6 + SB1 = S1P + S 2P ;
95 + 778 = 95 + 7 78.
BanaHC noTy^HOCTi BHKoHyeTbca.
noTy^HiCTt giaaHKH 6-1 BHÖmaa HeraTHBHoro, TOMy ToHKa 6 e tohkow 
noTOKopo3giny.
1.3 Bußip THny npoeogie noBirpHHHX .limn
BH3HanaeMo Hanpyrn Ha giaaHKax Mepe^i (pnc. 1.2) no $opMyai IaaapioHoBa:
U , = 1 0 0 ^ .
500 2500
V L  Pn
T a ö a n ^  1.2 -  Hanpyrn Ha giaaHKax Mepe:m
HoMep ginaHKH fl-1 .H-2 fl-3
^oB^HHa ginaHKH, km 30 30 35
Hanpyra giaaHKH, kB 115,5 124,4 55
TaK aK gaa Bcix mmfi Kiab^Boi Mepe^i öa^aHo Mara ogHaKoBy Hanpyry, to 
npHHMaeMo Hanpyry UH =  110 kB.
BroHaaaeMO CTpyMH npoBogiB aiHifi
j  =
^/3u n '
T a ö a n ^  1.3 -  CTpyMH Ha giaaHKax Mepe^
HoMep giaaHKH fl-1 fl-2 fl-3
CTpyM, A 290,4 354,8 55,2
y  aKOCTi npoBogiB gaa Bcix aiHifi npnfiMaeMO CTaaeaaroMrnieBi npoBogn 
MapKH AC.
KopHCTywHHCt goBigKOBHMH gaHHMH [2], BignoBigHO i3 mKaaoro CTaHgapTHHx 
neperarnB, a TaKO^ 3 ypaxyBaHHaM MO^aHBoro nepeBaHTmeHHa aiHifi npn poöoTi b 
aBapifiHOMy pe^HMi, BHÖnpaeMO ran  npoBogy gaa KO^Hoi aiHii Taöa. 1.4.
T a ö a n ^  1.4 -  MapKa fi napaMeTpn npoBogiB
HoMep giaaHKH ^-1 ■H-2 fl-3
MapKa fi nepeTHH npoBogy AC-185/29 AC-185/29 AC-185/29
napaMeTpn npoBogiB
TpHBaao gonycTHMHfi CTpyM, A 510 510 510
ro, Om/km 0,159 0,159 0,159
x 0, Om/km 0,413 0,413 0,413
^0 10-6, Cm/km 2,75 2,75 2,75
nepeBipaeMO oöparn npoBogn b aiHiax 3a yMOBoro KopoHH.
3rigHO n y E , MirnMaatHO gonycraMHfi nepeTHH npoBogiB no KopoHi gaa aiHifi 
Hanpyrow 110 kB CTaHOBHTt 70 mm2.
TaKHM hhhom, gaa m^HOi 3 aiHifi ^  yMOBa BHKOHaHa.
3HafigeMO napaMeTpn aiHifi eaeKTpnaHoi Mepem
3HaaeHHa aKTHBHHx i peaKTHBHHx onopiB aiHifi, a TaKO^ BeaHHHHa 3apagHoi 
noTy^HOCTi po3paxoByroraca no ^opMyaax:
Apxyw
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/ ? —r . / '  F — r . / '  JQ ji _  t t2 . b0 ' ̂  n
Rn =  r0 ln; X  n =  x0 ln; ~ U hom ■
BH3HanaeM0 onopn gm^HoK Mepe^i
RAl = 0.159 • 30 = 6.36 Om; X A1 = 0.413 • 30 = 16.52 Om;
RA6 = 0.159 • 30 = 4.77 Om; X A6 = 0.413 • 30 = 12.39 Om;
R j = 0.159 • 35 = 6.36 Om; X 6l = 0.413 • 35 = 16.52Om.
BH3HanaeMO 3apagHy noTy^mcTt gin^HOK Mepe^i
M dL = 1102 • 2-75 • •30 = j 0.666 MBAp;
M dL  = 1102 • 2-75 • •30 = j 0.499 MBAp;
= H 02 • 2-75 ~10 ' 35 = j0.666 MBAp.
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1.4 Po3paxyHOK nory^HOcrefl rpaHC^opMaropiB nigcraH^H
3a HanpyraMH Mepe^i h HaBaHTa^eHH^MH BHÖnpaeMo TpaHC^opMaTopn.
Ha nigcTaH^i nC-1, 3Ba^awnn Ha Te, rn,o cno^HBani BigHOcaTtca go I 
KaTeropii HagiÖHocTi eneKTponocTanaHHA, npnÖMaeMo ycTaHoBKy 2-x 
gBoxoÖMoTonHHx TpaHC^opMaTopiB 3 Hanpyroro bhcokoI ctopohh 110 kB. 
Po3paxyHKoBa noTy^mcTt Ko^Horo TpaHC^opMaTopa:
Sn  > = ^ 60 + 50 = 63,8 MBA.
T1 1,4 1,4
3a Hanpyroro Ta noTy^rnc™  HaBaHTa^eHHa, BHKopncToBywHH [2,3], 
BHÖnpaeMo TpaHc^opMaTop T ,^ -8 0 0 0 0 /1 10.
BH3HanaeMo Koe^RieHT 3aBaHTa ;̂eHHa TpaHc^opMaTopiB y HopMantHoMy 
pe^HMi:
k  = SMaKci = ^ 6 0  + 50 = 0 546 
3HopMl 2 • Sn  2 • 80 ’ ‘
OcKintKH Koe^i^eHT 3aBaHTä«:eHHfl MeHme 0.75, to gBa napanenbHo 
^pa^wwHi TpaHC^opMaTopn TAU,-80000/110 3agoBonbHaroTb npeg'aBneHHM
BHMoraM.

























80 ±6*2,5% 121 6,3;
10,5; 13,8
10,5 310 70 0,6 0,71 19,2 480
Ha nigcTaH^i nC-2, 3Ba^awnn Ha Te, rn,o e cno^HBani aK BigHocaTbca go II 
KaTeropii HagiÖHocTi eneKTponocTanaHHA, npHHMaeMO ycTaHOBKy 2-x 
TptoxoÖMOTOHHHx TpaHC^opMaTopiB 3 Hanpyroro bhcokoI cropoHH 110 kB. 
Po3paxyHKoBa noTy^rncTb Ko^Horo TpaHC^opMaTopa:
,  S + S  J 352 + 282 = 32,5 m b a . 
r2 1,4 1,4
3a Hanpyroro h noTy^mcTro HaBaHTa^eHHa, BHKopncToByroHH [2,3], 
BHÖnpaeMo TpaHC^opMaTop TATH-40000/110.
BH3HanaeMo Koe^i^eHT 3aBaHTa ;̂eHHa TpaHc^opMaTopiB y HopMantHoMy 
pe^HMi:
. Smokc 2 V352 + 282 0 56
3HopM 2 2 • ST2 2 • 40 , .
BHMoraM.






Uhom oömotok, kB Uk, %
BH CH HH B-C B-H C-H
T^TH-
40000/110 40 ±9*1,78% 115 11; 22; 38,5 6,6; 11 10,5(17) 17(10,5) 6
npogoB^eHHA Taönn^ 1.6
KaTano^Hi gaHi Po3paxyHKoBi gaHi
AQx ,
KBApTnn APk, kBt APx , Ix , %, Om XT, Om
B-C B-H C-H kBt % BH CH HH BH CH HH
T^TH-
40000/110 430
- - 43 0,6 0,8 0,8 0,8 35,5 0 22,3 240
Ha mgcTam,ii nC-3, 3Ba^awnn Ha Te, rn,o cno^HBani BigHOcaTtca go III 
KaTeropii HagiÖHocTi eneKTponocTanaHHA, npHHMaeMo ycTaHoBKy gBoxoÖMoTOHHoro 
TpaHC^opMaTopa 3 Hanpyroro bhcoko! cropoHH 35 kB.
Po3paxyHKoBa noTy^rncTb TpaHC^opMaTopa:
ST3 > 0,9 • S 3 = 0 ,9 ^ 5 2 + 82 = 8,5 MBA.
3a Hanpyrow h noTy^HiCTW HaBaHTa^eHHa BHKopncToBywHH [2,3] BHÖnpaeMo 
TpaHC^opMaTop TMH-10000/35.
Bn3HanaeMo Koe^i^eHT 3aBaHTa ;̂eHHa TpaHc^opMaTopa b HopMantHoMy 
pe^HMi:
k  _ S MaKc3 _ *'J5 + 8 _ 0 94

























10000/35 10 ±9*1,8% 36,75 6,3; 10,5 7,5 65 14,5 0,8 0,88 10,1 80
T aö n n ^  1.7 -  KaTano^m garn TpaHC^opMaTopa TMH-10000/35




PncyHOK 1.4 -  OgHoniHiHHa cxeMa eneKTpHHHoi Mepe:m 3 ypaxyBaHH^M
TpaHC^opMaTopiB nigcTaH^ö
BnönpaeMO THn npoBogy gga gmii' H-4. ^ o r o  BH3HanaeMO CTpyM b gmii'
3a ^opMygom:
= =  155 A.
34 V3 • U  V3 • 35
n o  KaTanory [2] oönpaeMo npoBig AC-70/11, Texmnm gam HKoro HaBegem b 
TaönH^ 1.8.

















70/11 265 10,7 0,422 0,418 2,72
3HaneHHH aKTHBHHx i peaKTHBHHx onopiB mmfi, a TaKo^ BenHHHHa 3apagHoi 
noTy^HocTi po3paxoByroTbca no ^opMynax:
/ ? —r . / '  F — r . / '  JQ ji _  t t2 . b0 '  ̂n
Rn =  r0 ln; X  n ~  x0 ln; ~ U hom ■
BH3HanaeMo onopn ginHHKH Mepe^i
R34 =  0.422 • 20 =  8.44 O m ;
X 34 =  0.418 • 20 =  8.36 O m .
BH3HanaeMo 3apagHy noTy^mcTt ginHHKH Mepe^i
yQ34 = 352 • 2-72 •10 •20 = j0.0333 MBAp.
2 2
1.5 Po3paxyHOK HaeaHTaweHb By3 îB 3 ypaxyBaHHHM TpaHC^opMaTopiB
BH3HanaeMo po3paxyHKoBy noTy^mcTt y By3ni 6 3 ypaxyBaHHHM BTpaT b
oÖMoTKax TpaHc^opMaTopiB nC-1 npn MaKCHMantHoMy HaBaHTa^eHHi. 3o6pa^yeMo
cxeMy 3aMirn,eHHH gBox aboxoömotohhhx TpaHC^opMaTopiB, BKnroneHHx
napanentHo, i po3paxoByeMo noiy^mcTb y By3ni 6
PncyHOK 1.5 -  CxeMa 3aMirn,eHHfl nigcTaH^i nC-1
KBH3HanaeMO noTy^mcTt S  67:
S K  = S  =  60 + j 5 0  M BA .
BH3HanaeMO noTy^HOCTi S  67:
S 67 = S K  +  (^   ̂ +2(g 67  ̂ • = T1 =  60.3 + j 76.7 M BA ;
UH 2
n p u  BH3HaneHHi po3paxyHKOBoi noTy^HOCTi S\p  BpaxoBywTtca 3apggoBi 
noTy^HOCTi mmfi, rn,o nigxogflTb go By3na 6
S1P = SH +  2 S X -  j ( Qa6 +  Qe11 = 60.39 + j 76.54 M B A .
v 2 J
BH3HanaeMO po3paxyHKOBy noTy^rncTb y By3ni 4 3 ypaxyBaHH^M BTpaT b 
oömow  TpaHC^opMaTopa nC-3 npu MaKCHManbHOMy HaBaHTa^eHHi. 3o6pa^yeMO 
cxeMy 3aMi^eHHa gBOxoÖMOTOHHoro TpaHC^opMaTopa fi po3paxoByeMO noTy^rncTb 
y By3ni 4.
PncyHOK 1.6 -  CxeMa 3aMirn,eHHfl nigcTaH^i nC-3
KBH3HanaeM0 noTy^HiCTb S 45:
SK = S 3 = 5 + j8  M BA .
BH3HanaeMO noTy^HOCTi S 45:
SH = S K5 + ( l>45) +2(Q>45) . Z T3 = 5.06 + j8 .7  M B A ;
UH
npH BH3HaneHHi po3paxyHKOBoi noTy^HOCTi S 4P BpaxoBywTtca BTpara 
xonocToro xogy TpaHC^opMaTopa
S4P = SH +  S x  =  5.08 + j8 .8  M BA.
Po3paxyHKOBa noTy^HicTb y By3ni 3 BH3HanaeTbCfl 3 ypaxyBaHH^M BTpaT 
noTy^HOCTi b nimi .4-4 npn MaKCHManbHOMy HaBaHTa^eHHi.
KBH3HanaeMO noTy^HiCTb B KiH^ mmi .4-4 S  34:
S  K = S 4P = 5,08 + j8,81 M BA .
BH3HanaeMO noTy^HicTb Ha nonaTKy nimi .4-4 S  34
S H4 = S K4 + ^  + (Q34) . Z 34 = 5,79 + j9 ,52 M BA .
UH
BH3HanaeMO po3paxyHKOBy noTy^HicTb y By3ni 1 3 ypaxyBaHH^M BTpaT B 
oÖMOTKax TpaHC^opMaTopiB nC-2 npn MaKCHManbHOMy HaBaHTa^eHHi.
3o6pa^yeMO cxeMy 3aMim,eHHA gBOx TptoxoÖMOTOHHHx TpaHC^opMaTopiB Ta 
po3paxoByeMO noTy^HicTb y By3ni 1.
S2P SH-|2 Ztib SK1̂  S 23 Ztic Ŝ 23 kßc1
-► -► 2 -► 2 ^  2 ^  S3P
— h — “ — p : — < Q f ~
n  Ztih





PncyHOK 1.7 -  CxeMa 3aMirn,eHHfl nigcTaH^i nC-1
KBH3HanaeMO noTy^rncTb S 28:
S  K  = S 2 =  30 + j  20 M B A .
BH3HanaeMO noTy^mcTb S28:
S28 = S 28 + (p28) + (^ 2s) • —  =  30,04 + j 21,2 M BA .
u h  2
KBH3HanaeMO noTy^rncTb S  23:
S  K = S 3p =  5,8 + j9 ,52 M BA .
BH3HanaeMO noTy^mcTb S23:
SH3 = S23 + (p 3 } + (Q23) • —  =  5,8 + j9 ,52 MBA
U H 2
KBH3HanaeM0 noTy^HiCTt S12:
s K2 = SH + SH = 35,84 + j  30,7 M BA.
BH3HanaeMO noTy^HicTt S12:
SH2 = S K  +  (p 2 ) +  (^ 12) • —  = 3 5 ,9  + j3 3 ,9 M B A .
U h  2
BH3HanaeMO noTy^HiCTb S 2P:
S 2P = S H  + 2S x  -  j f  Qe1 +  Qb 1 1 =  36,0 +  j33,1 M B A .
v 2
1.6 Po3paxyHOK noTy^HOcren Ha gmHHKax Mepe^i 3 ypaxyBaHHHM BTpaT 
noTŷ HOCTi b TpaHC^opMaTopax
BH3HanaeMO noTy^HOCTi Ha giaHHKax po3iMKHyTOi Mepe^i (pnc. 1.3) 3 
ypaxyBaHHHM BTpaT noTy^HOCTi b TpaHC^opMaropax.
S s  = S f  (S  + S S  S 2P (Sb ) = 57,0 + J 6 7  7  M BA ;
lA6 +  l1B +  l61
S61 = S a6 -  S 1P = -3,37 -  J8,82 M BA ;
S  = S 2 s ( S  + 1a 6 S  S s p S 6 ) = 39,4 + y 41,96 M BA .
lA6 + l61 + l1B
CKaageMO piBHHHHH öanaHcy noTy^HOCTi
SA6 + SB1 = S 1P +  S 2P ;
96,4 + y 109,6 = 96,4 + y'109,5.
BanaHC noTy^HOCTi 3ifimoBCH.
noTy^rncTb giraHKH 6-1 BHÖmna HeraTHBHoro, TOMy TOHKa 6 e tohkow 
noTOKopo3giny. CKnageMO cxeMy 3aMirn,eHHfl eneKTpHHHOi Mepe^i 3 ypaxyBaHH^M 
noTOKopo3giny.
A  C H C K C K pH C K pH B
S  A6 S  A6 S  61 S  61 S  B1 S  B1
— ► Z a6 — ► 6 '  6 "  ----- Z6 1  ◄—  1 ◄—  Z B1 ◄—
1 = 1  n  p r  a  t  t  1 = 1  f- '
jQA6/2 jQA6/2 jQ61/2 jQ61/2 jQB1/2 jQB1/2
T T  T
S a6 S 6 1  S 2 P
PncyHOK 1.7 -  Po3iMKHyTa Mepe^a
BH3HanaeTbca noTOKopo3nogm b gBOx cxeMax 3aMirn,eHHfl, npHBegeHHx Ha 
pnc. 1.7, 3 ypaxyBaHH^M BTpaT b mmax.
BH3HaHHMO noTy^HiCTb By3na s A6:
£  1  = S A6 -  j —A6 = 57 + j 67,21 M BA ;
(p K )2 + (Q K )2
sA6 = S KA6 +  pA6 , , 2 - A6 • Z a6 = 60,07 + j-75,17M BA;
UH
s l  = S 61 -  —  = 3,38 + j8,16 M BA;
CH , (P 61) + (—61) ry , vo O/C A/TT> a •
S61 _ S61 + jj2 • Z 61 _ 3,42 + j8,26M BA  ;
UH
s K = sH  +  S 2P -  —  -  j —B1 =  39,42 + j 40,07 M B A ;
SH1 = s i  +  ( P m )  +2(—b1) • Z m =  41,08 + j 43,3 M BA .
U H
Po3paxyHKOBa noTy^rncTb By3na A :
s A = sH6 + sHi = 101,15 + j118,47M BA
1.7 BH3HaneHHH Hanpyr y By3^ax HaeaHTaweHHn
^na Toro, rn,o6 3a6e3nennTH BHKoHaHHa ymobh gonycTHMoro cnagaHHa 
Hanpyrn Ha caMOMy BigganeHoMy cno^HBaneBi eneKTpoeHeprii, npnnMaeMo Hanpyry 
Ha g iepern ^HBneHHa Ha 10% 6mtme HoMmantHoi Hanpyrn Mepe^i: UA = 121 kB. 
Bn3HaHHM0 Hanpyrn By3na 6':
U =  l f U  PA6R a6 + Q H X a6 ) 2 + f  _H__6 -  _ _ _ _ _  2  = 1Q9 9 kB
6' \ l  " U Ä J l  U A J ’ '
Bn3HannMo Hanpyry By3na 1:
lf  PH R _i_ D H V  1_ _ _ _  Y  _ _ _  _ __
U  = \ u a -  A  Ra1 Qa1 X a1 + A  A  QaiKa1 =  111,9 kB .
1 Tv " U A J {  U A J
Bn3HannMo Hanpyrn By3na 6'':
Uff = ] ( t f ,  -  — Rsl + Qo1 X °' J + l P61 X a  ~ Rsl 1 = 110,5kB .
6 1 UJ1 J 1 1  1
npnnMaeMo Hanpyry By3na 6 y 3aMKHemn Mepe^i aK cepegHe 3HaneHHa 
3HangeHHx Hanpyr po3gmeHoro By3na 6 U6 =  110,2 kB.
Bn3HannMo Hanpyrn Ha HH3bKin CTopom TpaHC^opMaTopHnx nigcTaH^H, aK 
npuBegeHi go BncoKoi CTopoHH.
n c - i .
Bn3HannMo Hanpyry By3na 7, npuBegeHy go CTopoHH BH:
U B l l u  _  ^ 7 +  Q67X °i 1 + l P?i X °i -  Q i IR1  1 = 96,9 kB .
7 ^  6 U 6 J l  U 6 J
BH3HanHM0 giöcHy Hanpyry By3na 7:
U  B




BH3HanHM0 Hanpyrn By3na 2:
(  p H D r f l  y  V ( p  H y  _  D H D V
U  -  ^12 + ^12X 12 + P12 X 12 Ui2 KU = 101,5 kB .
2 V I 1 U ' J l  U1 1
BH3HanHM0 Hanpyry By3na 3, npHBegeHy go ctopohh BH:
(  Ph  P a- O h  Y  V  (  22  Y  — D 2  P V
UB = 4 U , -  P23 R23 + q23 X 23 + p23 X 23 Q23 R23 = 101,44 kB .
V I 2 ^ 2 2  222 2
BH3HanHMO giöcHy Hanpyry By3na 3:
U B
U 3 = = 33,96 kB kB.
UB
U c
BH3HanHMO Hanpyry By3na 8, npHBegeHy go ctopohh BH:
(  Ph  P a- D h  Y  V  (  Ph F  — Dh ̂  2 2
UB = 4 U , -  p 8 R28 Q28X28 + P28X28 Q28R28 = 96,8 kB .
VI u 2 2 2 22 2
BH3HanHMo giöcHy Hanpyry By3na 8:
U B




BH3HanHM0 Hanpyrn By3na 4:
J(  p h  p  d h  y  V  2 p 2  y  — n H p  —2U  _  p43 ^43 + ^43^  43 + P43 ^  43 Q43R43 = 30,— kB .I  3 U 3 ^ l  33 J
BH3HanHM0 Hanpyry By3na 5, npHBegeHy go ctopohh BH:
j B  = j  _  P45 R45 + Q45 ̂ 45 + P45 ^45 ~ Q45 R45 = —7 16 KB
5 Vl 4 f/4 J l  U< J = ’ .
BH3HanHMO gificHy Hanpyry By3na 5:
U B
U5 = -U h  = 7,76 KB.
U B
U h
1.8 Pery^MBaHHH Hanpyr y By3^ax HaeaHTaweHHa
PerynwBaHHa Hanpyr 3poÖHMO 3a gonoMorow PnH  TpaHC^opMaTopiB i 
mnaxoM mgKaroneHHa KoHgeHcaTopHHx öaTapefi.
BcTaHoBnweMo KoHgeHcaTopHi öaTapei b HacTynHHx By3nax:
6 -  KCKr-1,05-125 77 MBap; 7 -  KCKT-1,05-125 6,5 MBap;
4 -  KCKr-1,05-125 11,2 MBap.
Ha TpaHC^opMaTOpHHx nigcTaH^ax PnH  HeoöxigHo nocraBHTH B HacTynm 
nono^eHHa:
Pe^HM n c-1 n c -2 n c -3
MaKCHManbHHH -4 -1 -9
Pe3yatTaTH pO3paxyHKiB Hanpyr y By3aax cxeMH npa MaKCHMaatHOMy 
HaBaHTa^eHHi Ta BCTaHOBaeHHx KOHgeHcaTOpHHx öaTapeax HaBegeHi b Taöa. 1.9.




( s , )
By3Oa 8 
( S  )
By3Oa 5 
( S3 )
Po3paxyHKOBi Hanpyrn, kB 8,41 9,26 7,76
BigxnaeHHa Big HOMiHaatHOi Hanpyrn, % 15,85 7,4 22,39
Hanpyrn nicaa peryaroBaHHa, kB 9,738 10,19 9,26
BigxnaeHHa Big HOMiHaatHOi Hanpyrn 
nicaa peryaroBaHHa, % 2,62 1,9 7,4
Texmam xapaKTepHCTHKH gaa KOHgeHcaTOpHHx öaTapeö HaBegeHi b Taöa. 1.10. 
T a ö a a ^  1.10 -  Texmam garn KOHgeHcaTOpHHx öaTapeö [4]
nOKa3HHKH
HOMiHaatHa Hanpyra öaTapei, kB
10 35 110
KiatKiCTt napaaeatHHx riaOK 4 4 4
KiatKiCTt napaaeatHO BKaroaeHHx 
KOHgeHcaTOpiB Ogrnei riaKH 7 24 72
3araatHa KiatKiCTt KOHgeHcaTOpiB y öaTapei 84 288 861
ycTaHOBaeHa nOTy^rncTt öaTapei 5/10,5 17,3/36 52/108










npuM im Ka. y  anceatHHKy HaBegeHi gaHi gaa öaTapeö 3 KOHgeHcaTOpaMH rany 
KC2-1,05-60, y 3HaMeHHHKy -  KCKT-1,05-125.
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 253mh. ApK. Ng ÖOKL/M. nidnuc Mama
3rigHO i3 3aBgaHHaM, HeoöxigHo po3paxyBara gBoxTpaHC^opMaTopHy 
nigcTaH^ro nC-1, go aKoi nigKnwneHO HaBaHTmeHHa noTy^rnc™
S1 =  60 + j50 MBA. Ha nigcTaH^i BCTaHoBaem TpaHC^opMaTopn THny
T ^-80000/110 .
2.1 Bnöip cĥ obhx TpaHC^opMaTopiB Ta ix nepeBipKa 3a rpa îKOM 
HaeaHTaweHHH
SHaB = ^ I P ä l+ Q L  =  i I 602 + 502 = 78,1 MBA
STP = S HaB = 78,1 / 1,4 = 55,79 MBATp 7 7 7 
K  aB
ge KaB = 1,4.
S
K 3 = ----HaB—  = 0,49
3 2 • ŜTp.HOM
^ a a  nigcTaH^H öyan oöpam TpaHC^opMaTopn noTy^HOCTi S = 80 MBA THny 
T ^-80000/110 .
nepeBipHMO TpaHC^opMaTopn 3a goöoBHM rpa^koM  HaBaHTmeHHa 
Taön.2.1.
T a ö a n ^  2.1 -  ^oöoBe HaBaHTa^eHHa nigcTaH^it,r 0 2 4 6 8 10 12 14 16 18 20 22S, % 50 55 60 90 90 80 95 95 110 125 110 105S,M B A 39,1 43 46,9 70,3 70,3 62,5 74,2 74,2 85,9 97,6 85,9 82
^ a a  nepeBipKH npaBHabHocri BHÖopy TpaHC^opMaTopa peaabHHH rpa^iK 
HaBaHTa^eHHa nepeTBopHMO b gBocTynmaacTHH. nonaTKOBe HaBaHTa^eHHa 
eKBiBaneHTHoro rpa^iKa BH3HaaaeTbca 3a ^opMyaoro [10]:
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 263mh. ApK. Ng ÖOKL/M. nidnuc Mama
K = _  s ? t i + s 21  *St 2 + . . . + s ; 1 ~ =
S HOM t 1 +  12 +  ... +  t  n
1 1 39,12 2+432 2+46,92 2+70,32 2+70,32 2+62,52 2+74,22 2+74,22 2
= • = 0,658
80 2• 8
ge S1,S2, ... Sn -  BaacHe HaBaHTmeHHa nepmoro; gpyroro; n-ro CTyneHa rp a^ k a
HaBaHTa^eHHa, po3Mirn,eHoro HH^ne mmi HOMmantHoi noTy^HOCTi
TpaHC^opMaTopa;
t1, t2, ... tn -  TpHBanicTt CTyneHa, rogHHa.
AHanorinHo BH3HanaeTbca gpyrnö CTyniHb eKBiBaneHTHoro rpa^iKa, ane npn 
^oM y öepyTbca crynern, po3Mirn,em BHrn,e mmi HoMmanbHoi noTy^Hocri 
TpaHC^opMaTopa
K  =  _ ^  • s ^ i + s 2t 2 + . . . + =
S HOM t 1 +  12 +  ... +  t  n
1
= ------ , — ,-----------,------------ ,------------------ =  0,991
80 2 4
ge S1,S2,...,Sn -  HaBaHTa^eHHA BHrn,e mmi HoMmanbHoi noTy^HocTi
TpaHciopMaTopa.
S
Kmax = SMAX = 97,6 / 80 = 1,22
SHOM
ge SMAX -  MaKCHMaatHe HaBaHTmeHHa TpaHC^opMaTopa 3a rpa^koM
HaBaHTa^eHHa.
K  = 0,9 • Kmax = 0,9 • 1,22 = 1,1.
nopiBHweMO nonepegHe 3HaaeHHa K2 h K'2 gaa nogaatmnx po3paxyHKiB 
npHHMaeMO öiatme 3 hhx K2 = 0,991 Ta K'2 = 1,1, K'2 > K2 oT®;e npHHMaeMo 
K2 = 1,1.
3a rOCToM 14209-85 3 ypaxyBaHHaM eKBiBaaeHTHoi TeMnepaTypn 3hmoboto 
nepiogy t = 10°C i nacy nepeBaHTmeHHa t nepeB = 8 rog, 3HaxogHMo 3HaaeHHa
nepeBaHTa^eHHa gonycTHMe K2roCT = 1,6.
nopiBHweMo 3HaneHHa K 2 3a rOCToM i peaatHe. K2foct = 1,6 i K2 = 1,1.
K2roCT > K2. 3HaneHHa K2 3a rOCToM öiatme, Hm: peaatHe, 3HaaHTt
TpaHC^opMaTop oöpaHHH npaBHatHo.
Bhchobok:
TpaHC^opMaTop T ,^-80000/110 y BHnagKy BHxogy 3 aagy 1-ro 
TpaHC^opMaTopa 2-h TpaHC^opMaTop 3aöe3neaHTt ^HBaeHHa Cno^HBaaiB 6e3 
oÖMe^eHHaM no aacy Ta no noTy^HocTi.
2.2 P03paxyHOK CTpyMiB KOpOTKOrO 3aMHKaHHH
Bn3HaaeHHa BeanaHHH CTpyMiB KopoTKoro 3aMHKaHHa HeoöxigHe gaa 
npaBHatHoro BHÖopy yCTaTKyBaHHa Ha CTopoHi 110 kB i 10 kB. BnxigHa 
ogHoaiHiHHa eaeKTpnaHa CxeMa eaeKTpoMepe^i HaBegeHa Ha pHC. 2.2. nigCTaHgia 
^HBHTtCa 3a gBoMa TynHKoBHMH airnaMH: CxeMH 3aMirn,eHHa gaa po3paxyHKy 
CTpyMiB KopoTKoro 3aMHKaHHa HaBegeHa Ha pHC. 2.3.
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 283mh. ApK. Ng ÖOKL/M. nidnuc Mama
P03paxyH0K CTpyMiB KOpOTKOrO 3aMHKaHHfl BHKOHaGMO B iMeHOBaHiH CHCTeMi
og.HHHUh. nOTy^mcTt KOpOTKOrO 3aMHKaHHa Ha raHHax 110 kB gernpa ^HBneHHa 
CKnagae Sc  =  3000 MBA.
A n-1
3 n-4
PncyHOK 2.3 -  CxeMa 3aMirn£HHa gaa pO3paxyHKy CTpyMiB KOpOTKOrO 3aMHKaHH 
Onip CHCTeMH gOpiBHwe
U 2X c = -U ^  = 1102 / 3000 = 4,03 Om.
C Sc
OnOpn npagwwHHx gmrn:
miHia m-1 m-2 m-3
^OB^HHa, KM 30 30 35
MapKa npOBOgy AC-185/29 AC-185/29 AC-185/29
Xm, Om 12,39 12,39 14,455
4
5
PncyHOK 2.2 -  BnxigHa OgHOaimnHa eaeKTpnnHa cxeMa eaeKTpOMepe^i
X m  = X R..i +  X n_3 =  26,845 Om 
X m  = Xn_2 = 12,39 Om
X m = X m ' Xm2 = (26,845-12,39) / (26,845 + 12,39) = 8,48 Om. 
X mi + X m2
U U2
X T = Uk%U H = (10,5-1102) / (100-80) = 15,9 Om.
100■Sh
nepiogHHHa CK^agoBa CK3 y toh^  K 1:
IK1 = U -------- = 110000 / (1,73 (12,39 + 8,48)) = 5,077 kA.
V 3 ( Xc + X ji )
nepiogHHHa CKnagoBa CK3 y toh^  K2 npHBegeHa go Hanpyrn BHrn,oi CTopoHH
i K2 = —  -----U = 110000 / (1,73-(12,39 + 8,48+15,9/2)) = 3,104 kA.
V31 Xc + X „ + X
V 2 J
PeanbHHH CTpyM K3 y t o w  K2:
Ik2 = 1K2 U "  = IK2 ' (110 / 10) = 34,14 kA.
UH
YgapHHH CTpyM:
- y t o w  K1: iyg1 = V2 -1,61 - IK1 = 11,56 kA;
- y t o w  K2: iyg2 = 4 2  -1,61- IK2 = 77,73 kA.
^onycTHMo, ^ o  aMnniTyga E^C  i nepiogHHHa CKnagoBa TK3 He3MiHHi 3a 
nacoM, ToMy Hepe3 Hac, hkhh gopiBHwe Hacy BigKHWHeHHH 
Inr1 = IK1 = 5,077 kA gnfl tohkh K ;
Inr = IK2 = 34,14 kA gnfl tohkh K  2.
AnepiogHHHa CKnagoBa TK3 go MoMeHTy po3ÖmHocTi KoHTaKTiB BHMHKaHa
0,06
ia1 = y/2  • IK1 • e Ta = y f l  • 5,077• e 0’025 = 0,651 kA
0,1
ia2 = V2 • IK2 • e Ta = J 2  • 34,14 e 0 05 = 6,534 kA
ge Ta -  nocTiHHa nacy 3aracaHHa anepiogHHHoi CKnagoBoi gga K i -  Ta =0,025 c,
gna K 2 -  Ta =0,05 c.
Iffrerpan ^^oyna:
gna K  Br  =  lK1(t +  Ta) =  lK1(0,06 +  0,025) =  5,0772 0,085 = 2,191 kA2c
gna K2 Br  =  lK2(t +  Ta) =  lK2(0,1 +  0,05) =  34,142 0,15 = 174,83 kA2c











i a  KA
iHTerpan ^^oyna 
B k , kA2 c
fflHHH 
110 kB ( K )
5,077 11,56 0,651 2,191
fflHHH 
10 kB (K2)
34,14 77,73 6,534 174,83
2.3 Bnöip 3axHCHoi' Ta KOMyTâ HHoi' anapaTypu
BHcoKoBoatTHi eneKTpHHHi anapara BHÖnparoTbca 3a yMoBoro TpHBanoro 
pe^HMy poöora i nepeBiparoTbca 3a yMoBaMH KopoTKHx 3aMHKaHb. n p n  ^oM y gna 
anapaTiB BHKoHyeTbca:
1) BHÖip 3a Hanpyroro;
2) BHÖip 3a HarpiBaHHaM npn TpHBannx CTpyMax;
3) nepeBipKa Ha eneKTpogHHaMWHy CTiHKicTb;
4) nepeBipKa Ha TepMWHy CTiHKicTb;
Bnöopy nignarawTb:
- BHMHKani Ha ö o ^  BHrn,oi Hanpyrn;
- BCTynHi BHMHKani Ha ö o ^  10 kB;
- cewHHi BHMHKani Ha ö o ^  10 kB;
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 313mh. ApK. Ng ÖOKL/M. nidnuc Mama
- BHMHKani mmö, rn,o BigxogaTb, 10 kB; po3'egHyBani BHrn,oi Hanpyrn;
- TpaHC^opMaTopn CTpyMy i Hanpyrn 110 kB i 10 kB;
- oiTTUHQBKa. po3noginbHHX npHCTpoiB 110 kB i 10 kB.
^nn BHÖopy anapaTiB i CTpyMoBegynHx nacTHH HeoöxigHo BH3HanHTH CTpyMH 
HopManbHoro i mcnnaBapißHoro pe^HMiB. BH3HaneHHn CTpyMiB BHKoHyeTbcn gna 
BHnagKy ycTaHoBKH Ha nigcTaH^i cnnoBoro TpaHC^opMaTopa. Po3paxoBaHoro 
BignoBigHo go rpa^iKa HaBaHTa^eHHn nigcTaH^i.
CTpyM Ha 6 o ^  110 kB:
1 4 S
e x = y  HoM = (1,4-80) / (1,73-110) = 588 A.
V3 • Ubh
CTpyM y Koni BBigHHx BHMHKaniB Ha croporn 10 kB:
imHx = 1 4 ' Shom = (1,4-80) / (1,73-10) = 6,47 kA. 
v 3 - u hh
CTpyM y Koni ceK^HHoro BHMHKana:
1 4 S
^  = ~ T ----H° ^  = (1,4-80) / (1,73-10-2) = 3,23 kA.
V3 - Uhh - 2
CTpyM y Koni nirni, rn,o BigxogHTb:
1 4 S
!m x = ~ HoM = (1,4-80) / (1,73 10-10) = 647 A.
max >/3-Uh h -10 ( ’ ) ( ’ )
^nn BCTaHoBneHHa Ha CTopoHi BHrn,oi Hanpyrn npHHMaeMo BHMHKani rany 
^3-110^-23(13)Y4. Bnöip BHMHKaniB HaBegeHHH y Taön. 2.3.
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 323mh. ApK. Ng ÖOKL/M. nidnuc Mama







U c < U H 110 kB 110 kB
I  < IpaCH HOM 588 A 1250 A
1 no < 1 npCKB 5,077 kA 50 kA
1 yd < I CKB 11,56 kA 125 kA
1nr < 1ÜmxHoM 5,077 kA 100 kA
I  < Iar — a  h o m 0,651 kA 40 kA
B k < UTtr 2,191 kA2 c 7500 kA2̂ c
^na BCTaHOBneHHA Ha CTopoHi hh3bkoi Hanpyrn npHHMacMo BHMHKani THny 
MrY-20-90/9500Y3. Bnöip BHMHKaniB HaBegeHHH y Taön. 2.4.







Uc < Uh 10 kB 20 kB
I  < IpaCH HOM 6,47 kA 9500 A
I no < I npCKB 34,14 kA 105 kA
I yd < I CKB 77,73 kA 300 kA
^nr < Ü̂mxHoM 34,14 kA 90 kA
I  < Iar aHoM 6,534 kA 30 kA
B k < I l K 174,83 kA2 c 32400 kA2 c
^na ycTaHOBKH b aKocri cewHHoro Ha CTopoHi hh^ hoi Hanpyrn npHHMaeMo 
BHMHKani THny B3-10-3600-31,5-Y3. Bnöip BHMHKaniB HaBegeHo b Taön. 2.5.







Uc < Uh 10 kB 10 kB
I  < IpaCH HOM 3,23 kA 3600 A
1 no < I npCKB 34,14 kA 31,5 kA
*y < InpCKB 77,73 kA 80 kA
^  nr < ̂ ÜmxHoM 34,14 kA 31,5 kA
I  < Iar — aHoM 6,534 kA 31,5 kA
B k < I 2Ttr 174,83 kA2 c 3969 kA2 •c
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 333mh. ApK. Ng ÖOKL/M. nidnuc Mama
^ a a  BCTaHoBaeHHa Ha CTopoHi hh^ hoi Hanpyrn b aiHiax, rn,o BigxogaTb, 
npHHMaeMo BaKyyMHi BHMHKaai THny BB3-10-31,5/1000Y3. Bnöip BHMHKaaiB 
HaBegeHo b Taöa. 2.6.







Uc  < U H 10 kB 10 kB
I < Ip a C H  HOM 647 A 1000 a
1  n o  < 1  n p C K B 34,14 kA 31,5 kA
i y  < 1  n p C K B 77,73 kA 80 kA
1 n r  < 1 ÜmxHoM 34,14 kA 31,5 kA
I < Ia r  a h o m 6,534 kA 31,5 kA
Bk < PTtr 174,83 kA2 c 2977 kA2̂ c
^ a a  BCTaHoBaeHHa Ha CTopoHi BHrn,oi Hanpyrn npHHMaeMo po3'egHyBaai 3 
ogHHM aöo gBoMa KoMnaeKTaMH 3a3eMaroroaHx ho^ ib THny PH ^3.1-110/1000 X.H1. 
Bnöip po3'egHyBaaiB HaBegeHHH y Taöa. 2.7.





Uc  < Uh 110 kB 110 kB
I < IpaCH HOM 588 A 1000 a
iy d  < In p C K B 11,56 kA 80 kA
B K  <  I T t r 2,191 kA2 c 992 kA2 •c
2.4 Bnöip 3ÖipHHX mHH
Bnöparn 3Öipm mHHH 110 kB Ta CTpyMonpoBigrn eaeMenra b Öao^ Big 
3ÖipHHx mHH go BHBogiB öaoHHoro TpaHC^opMaropa. TpaHC^opMarop 
T ^-80000/110 .
OcKiabKH 3Öipm mHHH 3a eKoHoMWHoro rycTHHoro CTpyMy He BHÖnparoTbca, 
npHHMaeMo nepepi3 3a gonycthmhm CTpyMoM npn MaKCHMaabHoMy HaBaHTa^eHrn Ha 
mHHax, rn,o BignoBigae 3araabHoMy HaBaHTa^eHHW.
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 343mh. ApK. Ng ÖOKL/M. nidnuc Mama
Ihopm = / ht°" = 78,1 / (1.73-110) = 410 A.
V3 • Uhom
M̂aKC = ^hopm = 410 A -
3a Ta6au^ro goBigHuKa npufiMaeMO go BCTaHOBaeHHa npoBig 1xAC240/39 
(q = 240 mm2, d = 21,6 mm, Igon = 610 A). Oa3u po3TamoBaHi ropu3OHTaabHO Ha 
BigcTaHi 300 cm. Togi
Igon > IMaKc,
610 A > 410 A.
nepeBipKa muH Ha eaeKTpoguHaMiHHy CTifiKicTb He BuKOHyeTbca, ocKiabKu
In.0 < 20 kA.
nepeBipKa Ha TepMiHHy CTifiKicTb TaKO® He BuKOHyeTbca, ocKiabKu muHu 
BHKOHaHi roauMu npoBogaMu Ha BigKpuTOMy noBiTpi.
nepeBipKa 3a yMOBaMu KopoHyBaHHa b gaHOMy BunagKy Moraa 6 He 
npoBogrnuca, ocKiabKu 3rigHO nY E MirnMaabHufi nepepiß gaa noBnpaHux airnö 
110 kB CTaHOBHTb 70 mm2. BpaxoByroHu, rn,o Ha B Pn BigcTaHb Mi®; npoBogaMu 
MeHma, Hi® Ha noBnpaHux aiHiax, npoBoguTbca nepeBipoHHufi po3paxyHOK. 
Bu3HanaeMO noHaTKOBy KpuTHHHy Hanpy®eHicTb eaeKTpuHHoro noaa:
(  0 2991
E 0 = 30,3 • m • 1 + ,
l  Vro J
ge m -  Koe^^ieHT, aKufi BpaxoBye mopcTKicTb noBepxHi npoBogy (gaa 
6araTonpoBigHHKOBux npoBogiB m = 0,82); r0 -  pagiyc npoBogy, r0 = 1,08 cm.
(  0 2 9 9 1
E0 = 30,3 • 0,82 • 1 + - j —  = 32 kB/cm 
l  V 1,08 J
Bu3HaaaeMO Hanpy®eHicTb eaeKTpuHHoro noaa HaBKoao npoBogy
^  0.354 • U
= ( -  ^ ’ 
ro • lg
l  r0 J
ge  U  -  nirnnHa Hanpyra, kB;
D cep -  cepegHa reOMeTpnnHa BigcTaHb Mim npoBogaMH $a3, cm. 
n p n  ropH30HTantHOMy po3TamyBaHHi $a3
-cep = 1.26 • -  = 100,8,
ge D  -  BigcTaHb Mim cycigmMH $a3aMH, gna UH=110 kB D  =  80  cm.
E = (0.354 121) / (1,08lg(100,8/1,08))= 20,13 kB/cm.
B ocTaHHtOMy Bnpa3i nirnnHa Hanpyra npnnHATa piBHOW 121 kB, OcKinbKH Ha 
mnHax eneKTpOcTaH^i nigTpnMyeTbca Hanpyra 1,1 Uhom.
nepeBipKa BUKOHyeTbca 3a HacTynHOW yMOBOw: npoBogn He öygyTb 
KOpOHyBaTH, AKffl,O
1,07 • E < 0,9 • E0,
1,0720,13 = 21,5 < 0 ,932 = 28,8 kB/cm.
YMOBa BHKOHyeTbca, TOMy npOBig 1xAC240/39 OcTaTOHHO npnnMaeMO gO
BHKOpncTaHHa.
Biiöip mopcTKHX luhh
npnnMaeMO TeMnepaTypy HaBKOnnmHbOro cepegOBnrn,a: 30OC.
OönpaeMO anroMmieBi mHHH KOpOÖnacTOro nepepi3y pO3TamOBaHi 
rOpn3OHTanbHO i mOpcTKO 3aKpmnem OgHa BigHOcHO OgHOi (2x200x90x10 mm, 
nepepi3OM 2x3435 mm2, IgOn=7550A).
PncyHOK 2.4 -  fflHHH KopoönacToro nepepi3y 
Ugon =  70oC, u^aKT =  30oC, uHOpM =  250C.
YMOBa 3a gonycTHMHM CTpyMOM:
I™  = 6470A < Ig0„ = 7550 A,
yMOBa BHKOHyCTbCfl.
npnnycTHMHH CTpyM 3 ypaxyBaHH^M nonpaBKH Ha TeMnepaTypy 
HaBKonnraHboro cepegoBHrn,a:
Idon = hon - . h "  ~ ° 4mm = 7550 J 7 0 - 3 0  = 7118 A,
^ d o n  ~ V HopM V70 -  25
ge v gon -  gonycTHMa TeMnepaTypa raHHH;
uH0pM -  HoMmanbHa TeMnepaTypa HaBKonnraHboro cepegoBH^a.
6470 A < 7118 A.
MimManbHHH TepMWHo CTiHKHH nepepi3:
qmndon = 1 ^ L ^ 4Q-3 = 146,9 MM2.
OcKmtKH qmndon = 146,9 < 2x3435 mm2 TepMiHHa cTiHKicTb muH
3aöe3nenyeTbca.
TBepgi tttuhu noBHHHi öyTu nepeBipem Ha guHaMiHHi gil cTpyMiB K3 i Ha 
MO^nHBiCTb BHHHKHeHHa pe30HaHCHHX ABHffl,. 3a3HaHeHi %BUm,a He BuHuKaMTb npu 
K3, aKrn,o BnacHa nacTOTa KoauBaHb muHu MeHme 30 i ömbme 200 r ^  ^acTOTa 
BnacHHx KonHBaHb gaa aamMimeBux muH Bu3HanaeTbca 3a ^opMyaom
f  = 173.2 . Jy0-y0 = 173.2 | 4220 = 339
f0 = l 2 V 2 • qmuHu = 22 ^  2 34,35 = 339 ^
ge l -  goB^HHa nponbOTy Mm: i3oaaTopaMu l=2  M, m;
Jy0 -y0  -  MOMeHT m ep^l nonepeHHoro nepepi3y gBOx 3po^eHux muH, cm4; 
qmHHH -  nonepenHHH nepepi3 ogmei mHHH, cm2.
OcKinbKH f0 = 339 > 200 r ^  to MexamHHuö pe3oHaHc BuKamnaeTbca.
MoMeHT onopy nepepi3y gaa gBox 3porn,eHux muH:
i2 • l 2 77,732-22-10-2
^.max = 1,76 — - f ------- 10-8 = 1,76------------------------- = 1,26 M na
4’ a • Wy0-y0 0,8-422
ge a -  BigcTaHb M i: $a3aMu, m;
Wy0 -y0 -  MoMeHT onopy gBox 3porn,eHux muH, cm3.
^ $ max = 1,26 < &äoii = 82,3 M na yMoBa MexaHiHHol m^ hoct BuKoHyeTbca. 
ge crgon = 82,3 M na -  gonycTuMa MexaHiHHa Hanpyra b MaTepiani aamMimeBux
muH.
Cuaa B3aeMogil M i: mBeaepaMu:
i2 77,732
fn = 0,5 ^  •IO“7 = 0 ,5 --------- 10- 1 = 1510 H/m
h 0,2
ge h - BucoTa mBeaepa, M.
MaKcuMaabHa BigcTaHb M i: Mic^Mu 3BapwBaHHa mBeaepiB:
I l 2 - i a gou- ^ max)• Wy y 12 (82,3 -  1,26)- 40
ln max ^  fn ^  1510 ■ ’
ge ^Ny—y  -  MOMeHT onopy iiihh y BepTHKanbHiö nnom.HHi, cm3.
2.5 Bnöip BHMiproBanbHHx TpaHC^opMaTopiB CTpyMy Ta Hanpyru
^na BBiMKHeHHH eneKTpoBHMiproBanbHHx npnnagiB i npucTpoiB penefiHoro 
3axHCTy HeoöxigHa ycraHoBKa TpaHC^opMaropiB CTpyMy i Hanpyru. y  gaHoMy npoeKTi 
peneÖHufi 3axHCT geTanbHo He po3poönaeTbca, ToMy nepeBipKy TpaHC^opMaropiB 3a 
BTopHHHHM HaBaHTa^eHHaM BHKoHyGMo 3 ypaxyBaHHHM BBiMKHeHHa TinbKH 
BHMipwBanbHHx npnnagiB.
y  Koni cunoBoro TpaHC^opMaropa 3 öoKy hh^ hoi Hanpyru BCTaHoBnroeTbca 
aMnepMeTp, BonbTMeTp, BapMeTp, niHunbHHKu aKTHBHoi i peaKTHBHoi eHeprii, Ha 
muHax 110 kB -  BonbTMeTp i3 nepeMHKaneM gna BHMipy Tptox Mra:$a3oBHx Hanpyr, 
Ha cewÖHoMy BHMUKani 10 kB - aMnepMeTp, Ha nimax, rn,o BigxogaTb, 10 kB - 
aMnepMeTp, niHunbHHKu aKTHBHoi i peaKTHBHoi eHeprifi. Po3paxyHoK BTopuHHoro 
HaBaHTa^eHHa TpaHC^opMaropa CTpyMy HaBegeHufi y Taönu^ 2.8.
T aö n u ^  2.8 -  Po3paxyHoK BTopuHHoro HaBaHTa^eHHa TpaHC^opMaropiB 
cTpyMy
npunag Knac HaBaHTa^eHHa no $a3axA b C
AMnepMeTp 1 0,5 0,5 0,5
BaTTMeTp 1,5 0,5 - 0,5
BapMeTp 1,5 0,5 - 0,5
^inunbHHK aKTHBHoi eHeprii 1 2,5 - 2,5
^inunbHHK peaKTHBHoi eHeprii 1,5 2,5 - 2,5
CyMapHe HaBaHTa^eHHa CTpyMy b Koni 
cunoBoro Tp-pa Ha ö o ^  BH 0,5 0,5 0,5
CyMapHe HaBaHTa^eHHa CTpyMy b Koni 
cunoBoro Tp-pa 3 öoKy HH 6,5 0,5 6,5
CyMapHe HaBaHTa^eHHa CTpyMy b Koni 
c e ^ .  BHMHKana Ha HH 0,5 0,5 0,5
CyMapHe HaBaHTa^eHHa CTpyMy b Koni 




U c  < U H 110 kB 110 kB
I < Ip a C H  HOM 588 A 800 A
*y  < 1 n p C K B 11,56 kA 124 kA
Bk < I 2Ur 2,191 kA 2 c 2352 kA 2 c
Z H  < Z H . HOM 0,82 O m 1,2 O m
Bnöip TpaHC^opMaropiB CTpyMy HaBegeHnn y T aöan^x 2.9 - 2.12.
BnönpaeMo TpaHC^opMarop CTpyMy TO3M-110E-I.
T a ö a n ^  2.9 -  Bnöip TpaHC^opMaropa CTpyMy b Koni cnnoBoro 
TpaHC^opMaTopa Ha ö o ^  bhcokoi Hanpyrn 110 kB:
^na nepeBipKH 3a btophhhhm HaBaHTmeHHaM BH3HanaeMo onip npnnagiB
S  0 5
^npan j2 ^2 0,02 Om
Togi onip cnonynHnx npoBogiB Mo^e öyra
7  = 7  — 7  — 7^np ^ hom ^npun ^ k
ge Z np — HOMiHa^bHHH onip HaBaHTa^eHHn, Om;
Z npun — onip npnnagiB, Om;
Zk — onip KOHTaKTiB, Om.
Znp =  1,2 — 0,02 — 0,1 =  1,08 Om.
nepeTHH ^n n  npn goB^nrn Kaöena l = 100 m:
l 100
F =  p  • —  =  0.0175 • — — =  1.62 mm2
Znp 1.08
ge p  -  nmoMHH onip Migi, 0,0175 (Om-mm2/m),
F  -  nepeTHH : hh, mm2.
nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexaHiHHoi m^ hoct noBHHHHH 
öyTH He MeHme H i: 2,5 mm2 gna MigHHx : hh.
Onip oöpaHHx npoBogiB:
l 100
Znp =  P ' p  =  0.0175 • —  =  0.7 Om
3aranbHHH onip CTpyMOBoro Kona
Z H =  Z n pUR +  Z k +  Zn p =  0,02 +  0,1 +  0,7 =  0,82 Om
rn,o MeHme Hm: 1,2 Om, npnnycTHMHx npn poöoTi TpaHC^opMaTopa b KHaci 
TOHHOCTi 0,5.
TpaHC^opMaTop CTpyMy T03M-110E-I BignoBigae yMOBaM BHÖopy. 
BnÖHpaeMO TpaHC^opMaTop CTpyMy TfflB-15-y3.




U c  <  U H 10 kB 15 kB
I <  Ip a C H  HOM 6470 A 8000 A
i <  Ly  o u h 77,73 kA -
Bk  <  FTtr 174,83 kA2 c 3650 kA2 c
Z H  <  Z H .H O M 1,06 Om 1,2 Om
nepeBipKH 3a btophhhhm HaBaHTa:eHHaM BH3HanaeMo onip npnnagiB 
^ np„, =  ^ jpp  = | r  =  0,26 Om
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 413mh. ApK. Ng ÖOKL/M. nidnuc Mama
7  = 7  — 7  — 7^np ^ hom ^npun ^ k
ge  Z np — HOMiHa^bHHH onip HaBaHTa^eHHH, Om;
Z npun — onip npn^agiB, Om;
Z k — onip KOHTaKTiB, Om.
Znp =  1,2 -  0.26 -  0.1 = 0,84 Om.
nepeTHH ^ hh npn goB^nm Kaöena l = 100 m:
l 100
F = p ------= 0.0175--------= 2,08 mm2
Znp 0,84
ge p  -  nnTOMHH onip Migi, 0,0175 (Ommm2/m),
F  -  nepeTHH ^ hh, mm2.
nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexaHiHHoi M^Hocri noBHHHHH 
öyTH He MeHme Hm: 2,5 mm2 gna MigHux ^ hh.
Onip oöpaHHx npoBogiB:
l 100
Znp = p - -  = 0.0175------- = 0,7 Om.
p F 2,5
3arantHHH onip CTpyMoBoro Kona
Zh =  Znpan +  Zfc +  Znp =  0.26 + 0.1 + 0,7 = 1,06 Om.
rn,o MeHme Hm: 1,2 Om, npnnycTHMHx npn poöoTi TpaHC^opMaTopa b Knaci 
ToHHocTi 0,5.
TpaHC^opMaTop CTpyMy T^B-15-Y 3 BignoBigae yMoBaM BHÖopy.




Uc  < UH 10 kB 10 kB
I < Ip a C H  HOM 3,23 kA 4000 A
i < üy  o u h 77,73 kA -
Bk < PTtr 174,83 kA2 c 3250 kA2 c
Z H  < Z H .H O M 0,56 Om 0,8 Om
^na nepeBipKH 3a btophhhhm HaBaHTmeHHaM BH3HanaeMo onip npnnagiB
S  0 5
^npan j2 ^2 0,02 0 m
Togi onip cnonyHHHx npoBogiB Mo^e öyTH
7  = 7  — 7  — 7^np ^ hom ^npun ^ k
ge Z np — HOMiHa^bHHH onip HaBaHTa^eHHH, Om;
Z npun — onip npn^agiB, Om;
Z k — onip KOHTaKTiB, Om.
Znp =  0,8 -  0.02 -  0.1 = 0,68 Om.
nepeTHH ^n n  npn goB^nrn Kaöena l =  100 m:
l 100
F = p ------= 0.0175--------= 2,57 mm2
Znp 0,68
ge p  -  nnTOMHH onip Migi, 0,0175 (Om-mm2/m),
F  -  nepeTHH ^nn, mm2.
nepeTHH cnonynHHx npoBogiB 3a yMoBaMH MexaHiHHoi m^ hoct noBHHHHH 
öyTH He MeHme Hm: 4 mm2 gna MigHHx ^nn.
1 100
Z = p -  -  = 0.0175-------= 0,438 Om.
P F 4
3aranbHHH onip CTpyMOBoro Kona
ZH =  ZnpĤ +  Zfc +  Znp =  0.02 + 0.1 + 0,438 = 0,56 Om.
rn,o MeHme Hm: 0,8 Om, npnnycTHMHx npn poöoTi TpaHC^opMaTopa b Knaci 
TOHHOCTi 0,5.
TpaHC^opMaTop CTpyMy Tffl^-10-Y3 BignoBigae yMOBaM BHÖopy.
BnÖHpaeMO TpaHC^opMaTop CTpyMy Tffl^n-10-Y3.




Uc  < UH 10 kB 10 kB
I < Ip a C H  HOM 647 A 1000 a
i < üy  o u h 77,73 kA -
Bk < fTtr 174,83 kA2 c 3250 kA2 c
Z H  < Z H . HOM 0,56 Om 0,8 Om
nepeBipKH 3a btophhhhm HaBaHTa^eHH^M BH3HanaeMo onip npnnagiB
S  0 5
^npan j2 ^2 0,02 0 m
Togi onip cnonyHHHx npoBogiB Mo^e Öyra
7  = 7  — 7  — 7^np ^ hom ^npufl ^ k
ge Znp — HOMiHa^bHHH onip HaBaHTa^eHHH, Om;
Z npun — onip npn^agiB, Om;
Zk — onip KOHTaKTiB, Om.
Z np =  0,8 -  0.02 -  0.1 = 0,68 Om.
nepeTHH : hh npn gOB:HHi KaöeHa l =  100 m:
l 100
F = p ------= 0.0175--------= 2,57 mm2
Znp 0,68
ge p  -  nmoMHH onip Migi, 0,0175 (Om-mm2/m),
F  -  nepeTHH : hh, mm2.
nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexarnnHOi M^HOCTi noBHHHHH 
öyTH He MeHme H i: 4 mm2 gna MigHHx : hh.
Onip oöpaHHx npoBogiB:
l 100
Znp = p -  -  = 0.0175-------- = 0,438 Om.
p F 4
3aranbHHH onip CTpyMOBoro KOHa
ZH =  Z npUn +  Zfr +  Znp =  0.02 + 0.1 + 0,438 = 0,56 Om.
rn,o MeHme Hm: 0,8 Om, npnnycTHMHx npn poöoTi TpaHC^opMaTopa b KHaci 
TOHHOCTi 0,5.
TpaHC^opMaTop CTpyMy Tffl^n-10-Y3 BignOBigae yMOBaM BHÖOpy.
OönpaeMO TpaHC^OpMaTOpn Hanpyrn 3a 3agaHHMH 3HaneHHAMH Hanpyrn Ta 3a 
nOTy:HicTW.
Ha öo^  BHCOKOi Hanpyrn 110 kB OönpaeMO TpaHC^OpMaTOpn
HKO-110-58Y1, Ha öo^  10 kB -  3HO.H.09-10.02, BHKOpncTOByroHH gaHi i3 
TaÖHH^ HaBegeHHx y gOBigHHKax.
Apxyw
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2.6 OßrpyHTyBaHHH cxeMH ê ercrpHHHHx 3’egHaHb nigcraH^i'
OcHOBHa cxeMa eHeKTpunHux 3'egHaHb noBHHHa 3agoBoHbHaTH TaKi BHMoru 
[4]:
-  3aöe3nenyBaTH HagiHHicTb eHeKTponocTanaHHa b HopMaHbHux h 
nicnaaBapiÖHHx pe^HMax;
-  ypaxoByBaTH nepcneKTHBH po3BHTKy;
-  gonycKaTH Mo^HHBicTb po3mupeHHa;
-  3aöe3nenyBaTH Mo^HHBicTb BHKoHaHHa peMoHTHux i eKcnHyaTa^ÖHux poöiT 
Ha OKpeMHx eneMeHTax cxeMH h öe3 BigKnroneHHa npuegHaHb.
n p n  ^oM y cHig 3acTOCOByBaTH HaönpocTimi cxeMH.
nigcTaH^a BigHocuTbca go KHacy TynHKOBHx nigcTaH^ö. Aha gaHoro KHacy 
Hanpyrn, Haöopy 3oBHimHix npuegHaHb i noTy^HocTi TpaHc^opMaTopiB, 3 
ypaxyBaHHaM Toro, rn,o 3acTocyBaHHa BiggiHbHHKiB b yMoBax xoHogHoro KHiMaTy He 
peKoMeHgyeTbca, npuÖMaeMo go ycTaHoBKH Ha npoeKTOBamö nigcTaH^i cxeMy «gBa 
öhokh «HiHia - TpaHc^opMaTop» 3 BHMHKaneM y HaH^ro3i TpaHc^opMaTopa h 
HeaBToMaTHHHow nepeMHHKow» (pnc. 2.5).
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 463mh. ApK. Ng ÖOKL/M. nidnuc Mama
PncyHOK 2.5 -  CxeMa po3Mirn,eHHa bhcokobohbthhx anapaTiB Ha nigcTaH^i
CxeMa 3 peMOHTHOW nepeMHHKoro, BHKOHaHOW 3a gonoMorow po3'egHyBaniB 
(«HeaBTOMaTHHHOW» nepeMHHKOw), 3a6e3nenye Mo^nHBiCTb npnegHaHHa oöox 
TpaHC^opMaTopiB go ogrnei nimi npn peMOHTi mmoi.
CxeMa nigcTaH^i HaBegeHa Ha rpa^iHHifi nacTHHi npoeKTy. 
y  HopMantHoMy pe^HMi Bce KoMyTa^ÖHe oönagHaHHa BKaroneHe, 3a 
bhhatkom po3'egHyBaniB QS3...QS4 y peMoHTHifi nepeMH^i. noBiTpam nimi W1, 
W2 - nimi, aKi 3'egHywTt npoeKToBaHy nigcTaH^ro 3 eHeprocncTeMow.
Po3rnaHeMo HacrngKH aBapiÖHHx CHTya^ö y gamfi cxeMi:
1) BigMoBa ogHoro i3 TpaHC^opMaTopiB (npnnycTHMo T1). n p n  KopoTKoMy 
3aMHKaHHi b TpaHC^opMaTopi T1 BigöyBaeTbca BigKnwneHHa BHMHKana Q1. 
^HBneHHa cno^HBaniB nigcTaH^i 3gificHweTbca nepe3 TpaHC^opMaTop T2 3a
paxyHOK öoro nepeBaHTä®yBagbHoi 3gaTHocri.
2) BigMOBa ogHiei giHii, aKa 3'egHye cno^HBaniB 3 eaeKTpocTaH^ero (W1). 
npH KopoTKOMy 3aMHKaHHi Ha giHii W1 BigöyBaeTbca BigKaroneHHa BHMHKana Q1, 
TpaHC^opMaTop T1 BTpanae ®HBgeHHa. n icaa BigKaroneHHa W1 onepaTHBHHÖ 
nepcoHag BigKgronae ymKog^my girnro gmiÖHHM po3'egHyBaneM. n icaa ^ o r o  
3aMHKaeTtca paHime BigKaroneHHÖ po3'egHyBan QS3, BigöyBaeTbca BKgroneHHa Q1 i 
TpaHC^opMaTop T1 BigHOBgwe ^HBgeHHa.
3) BigMOBa ogHoro 3 BHMHKaniB (Q1). n p n  KopoTKOMy 3aMHKaHHi y BHMHKani 
Q1 BigKgronaeTbca rogoBHHÖ BHMHKan i giHia W1. ^HBgeHHa Bcix cno^HBaniB 
nigcTam,ii 3gmcHroeTbca Big giHii W2 i TpaHc^opMaTopa T2.
TaKHM hhhom, 3 HaBegeHoro aHagi3y BHgHO, rn,o npn BHKopncTaHHi gaHoi 
cxeMH BigcyTHifi BapiaHT npocTOi (ogHHOHHoi) aBapiÖHoi CHTyagii, aKa npHBogHTb go 
BigKawneHHa cno^HBaniB npoeKTOBaHOi nigcTaH^i.
Haööigbm Ba^KOW aBapiÖHoro CHTyagiew e BigMOBa ogHiei 3 ^HBHgbHHx mmö 
(W1) y nepiog peMOHTy ogHoro i3 TpaHc^opMaTopiB (T2), age h y ^OMy BHnagKy e 
MO^aHBicTb 3aöe3neHHTH ^HBaeHHa cno^HBaniB npoeKTOBaHOi nigcTaH^i Big giHii 
W2 nepe3 peMOHTHy nepeMHHKy QS3-QS4 i TpaHc^opMaTop T1.
2.7 Bnöip TpaHC^opMaTopiB BaacHi-ix noTpeö
npHHManaMH BgacHHKaMH BgacHHx noTpeö e [10]:
- onepaTHBHi Koaa;
- eaeKTpogBHryHH, cncreMH oxoaog^eHHa cngoBHx TpaHC^opMaTopiB, 
BHCBiTgeHHa i eaeKTpoonageHHa npHMirn,eHb;
- eaeKTponigirpiBaHHa KOMyTa^ÖHoi anapaTypn i T.g.
CyMapHa po3paxyHKOBa noTy^HicTb npHÖMana BgacHHx noTpeö BH3HanaeTbca 
3 ypaxyBaHHaM Koe^^iemiB nonHTy. Po3paxyHOK noTy^HOCTi npHÖMana BgacHHx 
noTpeö HaBegeHHfi y Taög. 2.15.
Ha nigcTaH^i nepegöanaeTbca ycTaHOBKa 2 TpaHC^opMaTopiB BgacHHx 
noTpeö. HoMiHaabHa noTy^HicTb BHÖnpaeTbca 3 yMOB
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 483mh. ApK. Ng ÖOKL/M. nidnuc Mama
STCH -  SCH,
ge STCH - noTy^HiCTt TpaHC^opMaropa BaacHHx noTpeö, kBA;
SCH - noTy^HiCTt cno^HBaniB BaacHHx noTpeö, kBA.




































- 5 0,8 1 5 -
5 OcBiTaeHHa p y - 2 0,8 1 2 -
Bcboro 27,4 6,2
Po3paxyHKOBe HaBaHTa^eHHa
5ycT =  Kc • J p ^ct +  QycT 
ge Kc -  Koe^^ieHT nonmy. npHHMaeMO piBHHM 0,8
SycT =  0 .8-V 27,42 +  6,22 =  22,5 kBA
n ig  nac BBiMKHeHHa ^O ro  HaBaHTa:eHHa Ha OgHH TpaHc^OpMaTOp 
gOnycKaeTbca fioro nepeBaHTa:eHHa Ha 20%. nOTy:HicTb TpaHc^OpMaTOpa gaa 
3aöe3neneHHa :HBneHHa HaBaHTa:eHHa BnacHHx nOTpeö 3 ypaxyBaHHaM peMOHTHHx 
HaBaHTa^eHb. PeMOHTHe HaBaHTa:eHHa Ha nigcTaH^i MO^Ha öpara TaKHM, rn,O 
gopiBHwe STCP =  20 -  25 kBA.
S TCH = S CH + S TCP =  22,5 + 20 = 35,4 kBA.
TCH 1,2 1,2
EepeMO CTaHgapTHy noTy^HicTb TpaHC^opMaTopa STCH =40 kBA. OcTaTOHHO
gaa ^HBneHHa cno^HBana BnacHHx nOTpeö öepeMO gBa TpaHC^opMaTopn 
CTaHgapTHOi noTy^HOCTi: TM-40/10.
2.8 KoMnoHyBaHHH po3nogmbHHx npHCTpoi'B Ha 6 o ^  110 kB
nigcTaH^i (nC) 110 kB cnOpyg:ywTb, aK npaBH.ro, BigKpHTHMH. 
CnOpyg^eHHa 3aKpHTHx n C  Hanpyroro 110 kB, gOnycKaeTbca b TaKHx 
BHnagKax [9]: pO3Mirn,eHHa n C  i3 TpaHc^OpMaTOpaMH 16 MBA i BHrn,e Ha cny:ÖOBiH 
TepHTOpii MiCT, pO3Mirn,eHHa n C  Ha TepHTOpii MiCT, kohh ^  gOnycKaeTbca 
MiCTOÖygiBHHM MipKyBaHHaM.
Ha n C  eaeKTpOnOCTanaHHa npOMHcroBHx nignpneMCTB nepegöanaeTbca 
BOgaHe OnaaeHHa, npnegHaro gO TenroBHx M epe: nignpueMCTB.
EygHHKH 3Py (3aKpHTHx P y) gOnycKaeTbca BHKOHyBara aK OKpeMO pO3Mirn,em,
TaK i 3ÖaOKOBaHHMH 3 öygHHKaMH P n y  b TOMy rocrn i nO BepTHKam.
TpaHc^OpMaTOpn 110 kB BapTO ycTaHOBHWBaTH BigKpHTHMH, a y paöOHax i3 
3aöpygHeHOW aTMOc^epOro 3 nOcHrororo i3Ona^ero.
CxeMH gaa Hanpyr 110 kB i BHrn,e nOBHHHi cKaagaTHca 3 ypaxyBaHHaM TaKHx 
BHMOr: peMOHT BHMHKaniB 110 kB i BHrn,e BHKOHyeTbca 6e3 BigKawneHHa npnegHaHb: 
nOBiTpaHi gmii' BigKawnawTbca Big P n  He öirome H i: gBOMa BHMHKanaMH, 
TpaHc^OpMaTOpn öaOKiB BigKaronaroTbca He öirome Hm: TpbOMa BHMHKanaMH i T.iH.
n p n  BigKaroneHHax BHMHKaniB y HopMaabHoMy pe^HMi P n  He noBHHHe 
BigKaroaaTH öiabme ogHoro öaoKa, y peMOHTHOMy - He öiabme gBox öaoKiB.
^ a a  Pn35-220 kB npn ancai npnegHaHb 12-16 ogHy 3 gBox cncreM 
cewoHyroTb, npn ancai npnegHaHb öiabm Hm: 16 -  cewoHyroTb oöngBi cncreMH 
miH.
2.9 KoMnoHyBaHHH po3nogiabHHx npHcrpoiß Ha 6 o ^  10kB
P n  10 kB BxogaTb go CKaagy nigcTaH^H aK roaoBHi Pn. ^ o  P n i0  kB 
mgcTam,rn mgKaroaaroTbca noHH^yroai TpaHC^opMaTopn, CHHxpoHHi KoMneHcaTopn 
Ta iH.
CxeMH Pn10 kB noBHHHi 3agoBoabHaTH HacTynHHM BHMoraM [4-6]: 
Hec^pa^WBaHHa BHMHKaaa He noBHHHe npHBogHTH go npnnHHeHHa 
eaeKTponocTaaaHHa BignoBigaabHHx cno^HBaaiB (1 KaTeropia no nY 3), 
po3mnpeHHa P n  3 poctom HaBaHTa^eHb He noBHHHe npHBogHTH go 3MiHH cxeMH i 
3HanHHx öygiBeabHHx i mohth^ hhx poöiT.
CewroBaHHa 3ÖipHHx mHH go3Boaae 3agoBoabHHTH BHMorn HagiÖHocTi. 
Po3mnpeHHa P n  3gmcHroeTbca 3anoBHeHHaM pe3epBHHx ocepegKiB aöo BBegeHHaM 
hoboi c e w i.
PY 10 kB gaa KoMnaeKTHHx TpaHC^opMaTopiB n C  BHKoHyeTbca y BHraagi 
KPYH aöo KPY, BCTaHoBaroBaHHx y 3aKpHTHx npHMimeHHax. y  3P y  10 kB 
peKoMeHgyeTbca BCTaHoBaroBara ma^H K Py 3aBogcbKoro BHroTOBaeHHa.
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 513mh. ApK. Ng ÖOKL/M. nidnuc Mama
3 P03PAXYH0K IM-.lli m o m  3AXHCTY TPAHCOOPMATOPA
3.1 BH3HaneHHH napaMeTpiB, HeoöxigHHx g^H po3paxyHKiB 3axucTy 
TpaHc^opMaTopa
HeoöxigHo BHKoHarn po3paxyHOK no3goB^Htoro gn^epeH^anbHoro 
CTpyMOBoro 3axncTy gna TpaHC^opMaropa Tnny T^TH-40000/110 Big ycix BngiB 
3aMHKaHt Ha BHBogax i b oÖMOTKax CTopiH i3 3a3eMneHoro HenTpannro, a TaKO^ Big 
6araTO$a3HHx 3aMHKaHb Ha BHBogax i b oÖMOTKax CTopiH 3 i3onbOBaHOw HeHTpannro. 
TpaHC^opMarop OTpHMye ^HBneHHa Big eHeprocHCTeMH 3 napaMeTpaMH 
Xc.mukc = 12 Om; XcMm = 18 Om (onopu npHBegem go Hanpyra U p.hom = 115 kB).
T aö n n ^  3.1 -  nacnopTHi gam TpaHC^opMaropa
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40 115 38,5 11 21 100 17,5 6,5 0,8
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 523mh. ApK. Ng ÖOKL/M. nidnuc Mama
3.2 P03paxyH0K CTpyMiB KOpOTKOrO 3aMHKaHHH
Po3paxoByeMO CTpyMH K3 y MaKCHMantHOMy h MimMantHOMy pe^HMax 
CHCTeMH. CTpyMH K3 npHBegem go Hanpyrn 110 kB.
PncyHOK 3.1 -  CxeMa BKaroneHHa TpaHC^opMaTopa, rn,o 3axHrn,aeTbca
CKnagaHHa cxeMH 3aMirn,eHHa (pnc. 3.1) oÖHHCHWWTtca onopn 
TpaHC^opMaTopa. 3HaxogHMO Hanpyry U m c 3 yMOBH:
U kbc =  U kbh — U kCh  =  17,5-6,5—11 %
U kb =  0,5 (Ukbc + U kbh -  U kch ) = 0,5 (11 +17.5 -  6.5) = 11%
U  U 2 11 1152
xß = U kb = — —  = 36,4 Om;
b 100 S m 100 40
U kh = 0,5(UkCh  + U kbh -  U kbc ) = 0,5(6,5+17,5-11)—6,5 %
x  = l_UiL  lU !,juoL = 6.5 1 1 ^  = 21,5 0 m;
H 100 S m 100 40
xc «  0 Om.
n p n  po3paxyHKax CTpyMiB K3 gaa 3axncTiB TpaHC^opMaropiB i3 PnH  caig 
ypaxyBarn 3MiHy onopy 3a paxyHOK peryaroBaHHa Hanpyrn. ^ a a  TpaHC^opMaropiB 
110 kB npHÖHH3HO MO^Ha npHHHaTH:
x  = x  (1 — A U  )2; x  = x  (1 +  A U  )2,m.MUH m.HOM \  f 5 m.MaKC m.nom \  f ’
ge xb .m u h  = 3 6 4 * (1 — o,12)2 = 28,2 (0m); xB.MaKC = 45,62 (0m); xh .m u h  = 16,6 (0m); 
xh  . MaKC = 26,96 (0m).
CTpyM K3 Ha mHHax cepegHtoi Hanpyrn (TOHKa K l, pncyHOK 3.1)
t (3) = _____ U cp -h°m_____ = _____ 115____ = 1 6 5 5 ( k A\
K.MCIKC (x + x ) y ß  (12 + 28.2) .v V C. MaKC B. muh)
4 2 L  = ^ - U p s m-----7 = „ .  6 115 ct X = 0.904(KA)2 (x _  + x _  ) 2(18 + 45.62)V C.MUH B.MaKC / V  /
CTpyM K3 Ha mHHax HH (TOHKa K2, pnc. 3.1)
T(3) = ________ U cp .h°m_________ = ________ 115________= 1 1702 ka
S  ( xcmckc +  x , .,u,H +  xhmuh ) V3 (12 + 28.16 +16.4) '
I K2L  = ^ --------- ------------------- r  = - ---------— ---------- T = 0,635 kA
2 ( xcmuh + - W  + xhmckc ) 2 (18 + 45.62 + 26.96)
3mh. ApK. Ng ÖOKtJM. nidnuc Mama
B P  5 .6 .1 4 1 .2 5 4  n 3
ApKyui
3.3 Po3paxyHOK no3goB^Hboro gn^epeH^a^bHoro CTpyMOBoro 3axncry Ta 
BHÖip THny pe^e
1. BH3HanaeMO Cepegrn 3HaneHHa nepBHHHHx i btophhhhx HOMmanbHHx 
CTpyMiB gna Bcix nnenefi gn^epeH^aabHoro 3axHCTy (no HOMmaabmö noTy^HOdi 
Haööinbm noTy^Hoi o6motkh TpaHC^opMaTopa). Po3paxyHKH 3BogaTbCa b Ta6a. 3.2.
T a 6 a n ^  3.2 -  Pe3yabTaTH po3paxyHKiB
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4000 / 5 = 
=4,55
CTpyM Cnpa^OByBaHHa 3axncTy BH3HanaeTbCa 3a öinbmow i3 gBOx 
po3paxyHKOBHx yMOB:
а) Big6ygyBaHHa Big KHgKa CTpyMy HaMarmnyBaHHa:
h ,  = K t h o» =  1,3'201.1 = 26M  A
б) BigöygyBaHHa Big CTpyMy HeöanaHcy, BHKOHyeTbCa 3 ypaxyBaHHaM BHpa3iB:
h . ,  = k  (k ^  +  A U , +  A U n ) IK3MaKC( KI) =  1,3(1,0 ■ 0,1 + 0,12 + 0,05)1655 =
=580,9 A
npHHMaeTbca IC3 = 580,9 A.
2. nonepegHa nepeBipKa HyraHBoCTi npoBogHTtca no nepBHHHHx CTpyMax 
npn gBO^a3HOMy K3 Ha CTopoHi HH (ToHKa K4, pncyHOK 3.1):
I (2) /TOC
k =  (K 4) = - 635- = 1 048<2
'  Ic., 580.9
3. OcKintKH 3axHCT i3 pene THny PHT He 3a6e3nenye nyT^HBOCTi, a 
po3paxyHKOBHM e BigöygyBaHHa Big CTpyMy HeöanaHcy, to cnig 3acTOcyBaTH pene 
THny ^3T-11, gna «Koro CTpyM cnpa^OByBaHHA 3axHCTy BHÖnpaeTbca 3a yMOBaMH:
a) BigöygyBaHHA Big KHgKa, ^ o  HaMarainye CTpyM:
I  = k I  =  1,5*201=301 A
c . 3  o m c  H O M  ’
6) BigöygyBaHHa Big CTpyMy HeöanaHcy npn K3 Ha CH: 
h ,  =  k3 ( K ^ e  +  A U , +  A U ,, ) I ^ ck- „ = 1,5(1,0 • 0,1 + 0,12 + 0,05)1655 = 67°.3 A
b) Big6ygyBaHHa Big CTpyMy He6anaHCy npn K3 Ha HH:
Ic.3 =  k , ( k„dHe  + A U , ) I , ^  K 2, = 1,5(1,0 ■ 0,1 + 0 ,12)1170=386 A
npHHMaeMo pene ^3T-11 3 yCTaBKoro ranbMiBHoi o6motkh 3 6oKy CH. Togi 
Big6ygyBaHHa no nign. 36 6yge 3a6e3neneHe 3a paxyHoK ranbMyBaHHa, a CTpyM 
CnpagboByBaHHa 3axHCTy npHHMaeTbCa no 6inbmiH 3 yMoB 3a i 3b: Ic3 = 386 (A).
4. BH3HanaeTbCa HyTHHBiCTb 3axHCTy npn K3 Ha CTopoHi HH npn 
MiHiManbHoMy perynwBaHHi:
7 k.muh( K 4) 635
k4 = -------—1 = ------= 1,64
4 Ic3 386
^  3HaneHHa kH Tpoxn MeHme HopMOBaHoro, ogHaK, y^e  npn HOMmantHOMy
K oe^^iem i TpaHc^opMa^i TpaHc^opMaTopa CTpyM K3 cKnage:
i KMuh = — ------— ----------- = 758 A
k.muh 2 (18 + 36.4 + 21.5)
i HeoöxigHHH Koe^^ieHT nyTHHBocTi 3aöe3nenyeTbca
k = 7 5 8 = i .96
4 386
ToMy 3axHCT i3 peae ^3T-11 Mo^e öyra 3acTocoBaHHH.
3.4 Bnöip ycraBOK peae ^3T-11
nepBHHHHH i btophhhhh CTpyMH cTopiH TpaHc^opMaTopa HaBegeHo b 
Taöa. 3.2.
3 Taöan^ 3.2 BHnaHBae, rn,o b aKocTi ochobhoi caig oöpara CTopoHy HH 
(11 kB), rn,o Mae öiabmnö btophhhhh HoMmaabHHH CTpyM.
CTpyM cnpa^oByBaHHa peae gaa ochobhoi ctopohh BH3HaaaeTbca no BHpa3y:
I k U cp hom , c , . 115 1 c.3kcx j j  386 • 1 •-----
I  = ----------- = ----------------I L  = 5 046 A
cpoch k  4000 5.°46 A
In ____
5
Po3paxyHKoBe ancao bhtmb poöoaoi oömotkh gaa ochobhoi ctopohh 
BH3HanaeTbca:
Fcp 100 in01 .
Woch. pacu = - ------ = = 1981 BHTKiB
I C.p.OCH 5 0 4 6
npHHMaeTbca w  6 och =  20 bhtkIb, ^ o  BignoBigae âKTHHHOMy CTpyMy 
r 100 _ .
Cnp ^ boByBaHHa Pe^e Ic. pocH = —  = 5 A .
Po3paxyHKOBi HHcaa BHTKiB gaa mmnx CTopiH TpaHC^opMaTopa
BH3HanawTbca:
4 55
gaa ctopohh 110 kB wpamI = 2 0 =  31.36. npHHMaeTbca w7 = 31;
4 55
gaa ctopohh 35 kB wpacHlI = 2 0 ^ ^  = 26.25. npHHMaeTbca wn = 26.
YTOHHeHHH CTpyM cnpa^oByBaHHa 3axncTy 3 ypaxyBaHHaM norpimHocTi 
BHpiBHWBaHHa 3HaxogHTbca no BHpa3ax:
I c ,  =  ( k , ^  +  A U I + AWi ) I KMa,c,K2, = 1,5(1,0 • 0,1 + 0,12 + 0,011) 1170=40651 A,
A wipac, -  w i 31.36 -  31ge Aw = — ---------- = --------------= 0,011.
1 w Ipam 31.36
YToHHeHHH po3paxyHKoBHH CTpyM cnpa^oByBaHHa peae BH3HanaeTbca:
Ic.,k x  406.51.1 115
I = V U HOMlII J = ________V 11 j  = 531 A
cpocH 4000 .kI(rn) ------
5
Po3paxyHKoBHH CTpyM HeöaaaHcy 3axncTy npn K3 Ha CTopoHi CH, ge 
nepegöaneHe raabMyBaHHa, 3 ypaxyBaHHaM norpimHocTi BHpiBHWBaHHa 3HaxogHTbca 
no BHpa3ax:
I  h6.pacH = k3 (knepS +  I +  II +  ^ WII )1k.mqkc(Kl) =
= 1.5(l,0 • 0,1 + 0,12 + 0,05 + 0,0095)1655 = 693.95 (A )
26.25 -  26
ge fcwjr = -------------- = 0.0095
11 26.25
^ hcho BHTKiB ranbMiBHoi oömotkh 3HaxogHTbca no BHpa3y:
k 31 h6.pacHWpa6n 1,5 • 693.95 • 26 
= 7  =  1655 • 0,75 = 21'8 mT'
TaKHM hhhom, go ycTaHOBKH Ha peae npHÖMaroTbca HacTynHi bhtkh:
WI  = 31, WII = 26, WIII =  20 i WrnopM = 24 mT-
^yTHHBicTb 3axHCTy BH3HanaeTbca npn6nH3HO no nepBHHHHx CTpyMax npn 
po3paxyHKOBOMy K3 Ha CTopoHi HH gaa BHnagKiB MmiManbHoro h HopManbHoro 
perynwBaHHa TpaHC^opMaropa
7 635 789.2 , n/1
k  = ------- = 1.56 i k = -------- = 1,94
H 406.5 H 406.5
ge I C3 = 406.5 A -  âKTHHHHÖ CTpyM cnpa^oByBaHHa 3axHCTy, npn
I  e.P = 5.31 A.
OcKinbKH Koe^^ieHT HyTaHBocri 3axHCTy npn HopManbHOMy peryaroBaHm 
Hanpyrn npaKTHHHO BignoBigae HopMOBaHOMy, a npn MirnManbHOMy peryaroBaHm 
gocHTb bhcokhh, to 3axHCT i3 peae ^3T-11 peKoMeHgyeTbca go ycTaHoBKH. 
HeoöxigHo Big3Hawra, rn,o BKaroneHHa raabMiBHoi oömotkh Ha cyMy btophhhhx 
CTpyMiB CTopiH CH i HH go3Boaae BHÖparn CTpyM cnpa^oByBaHHa 3a yMoBoro 3 a i 
3aöe3neHHTH > 2 y Bcix pe^HMax.
PncyHOK 3.2 -  CxeMa BKaroneHHa oömotok peae rany ^3T -11 y gn^epeH^aabHOMy
3aXHCTi TptOXOÖMOTKOBOrO TpaHC^OpMaTOpa
3.5 Po3paxyHOK MaKCHMaabHoro CTpyMOBoro 3axucTy 3 KOMÖrnoBaHHM 
nycKOM no Hanpy3i
^ a a  TpbOXOÖMOTKOBHX TpaHC^OpMaTOpiB 3 OgHOÖiHHHM ^HBaeHHAM y aKOCTi
pe3epBHoro 3axncTy peKOMeHgyertca ycTaHOBKa Ha CTopoHi ^HBaeHHa MT3 i3 
nycKOM aöo 6e3 nycKy no Hanpy3i.
CnonaTKy BH3HaaaeTbca CTpyM cnpa^OByBaHHa MT3 6e3 nycKy no Hanpy3i:
/ 10
4  3 = k  k cI Hasp. mgkc = ^  • 2,5 • 201 = 753.96 A
kB  ̂ 0,8
^yraHBiCTb 3axHCTy nepeBipHMO npn K3 Ha mHHax CH i HH y MirnMaabHHx 
po3paxyHKOBHx pe^HMax:
904 635
k  = = 1.2 i k  = = 0.84.
" 753.96 " 753.96
OcKmtKH HyraHBiCTb MT3 6e3 nycKy no Hanpy3i BHABnaerbCfl HegocTaTHbow, 
3acTOcyeMO önoKyBaHHa no Hanpy3i 3i CTopiH CH i HH TpaHC^opMaTopa. y  ^OMy 
BHnagKy CTpyM cnpa^oByBaHHA 3axncTy, BH3HaneHHH no piBH^HHW gopiBHwe
-  1 2
/  = /  = —  • 201 = 301.6 Ac.3 -  VOM 0,8
a HyTHHBicTb 3axHCTy b thx ®;e po3paxyHKoBHx TOHKax CKnage:
- H = ------- = 3 i k = -------- = 2.1.
" 301.6 " 301.6
Hanpyry cnpa^oByBaHHA opraHy OnoKyBaHHA npn CHMeTpHHHHx K3 
BH3HanHMo npn6nH3Ho no BHpa3y:
U  < =  0 ,7 ' 115 = 67,1 kB.
k  1,2
Hanpyra cnpa^oByBaHHA opraHy OnoKyBaHHA npn HecHMeTpHHHHx K3 
BH3HanaeTbca
U 2c  = 0,06t/ hom = 0,06 115 = 6,9 kB.
^yTHHBicTb OnoKyBanbHHx oprarnB nepeBipaeTbca npn K3 Ha npnöoMHHx 
CTopoHax TpaHC^opMaTopa, Kygn h mgKnronem 6noKyBanbHi pene, toöto U (3) = 0,
115
a U2',lm  = - f  =  j - ß  =  33,24 kB.
Togi
kHU = U ^  = —  > 1,5 
U  0K.MÜKC
U  99 94k  = = 4 82 > 1,5
U 2c.3 6.9
OcKintKH npu K3 Ha npufioMHux CTopoHax TpaHC^opMaTopa kH > 1 ,5 , to 
gu^epeH ^antm  3axucTH iiihh Ha ^Hx CTopoHax MO^Ha He BCTaHoBnroBaTH.
CTpyM cnpa^OByBaHHA 3axucTy Big CHMeTpuHHoro nepeBaHTa^eHHA, rn,o gie 
Ha curaan, BH3HanaeTbCfl 3a yMOBoro BigöygyBaHHA Big HOMiHantHoro CTpyMy 
TpaHC^opMaTopa Ha CTopoHi, ge BCTaHoBneHufi 3axucT, no Bupa3y
I  =  kL i  = 105  201 = 263.9 A.
kB 0,8
Bhtphmkh nacy MT3 y3rogaTtca 3 BHTpuMKaMu nacy 3axucTiB mmfi Ha 
CTopoHax CH i HH.
4. P03PA X Y H 0K  3 0 H  3AXHCTY C T PH ^H E B H X
b ^ h c k a b k o b i^ b o a ib  B P n
B öaKanaBpcbKiH poöori HeoöxigHo po3paxyBara BHcoTy i 30Hy 
3axHCTy ÖHHCKaBKOBigBogiB BPn-110 kB, BCTaHoBneHHx Ha gBox nopTanax, 
pnc. 4.1 (no3. 1 i 2), i gBox önncKaBKoBigBogiB, rn,o cto^tb OKpeMO, 3a3HaneHHx Ha 
pnc. 4.1 (no3. 3 i 4), BBa^awnn, rn,o önncKaBKOBigBogn po3TamoBaHi CHMeTpHHHO no 
BigHomeHHW go By3bKoi CTopoHH BPn. HagiömcTb 30hh 3axncTy Big ypa^eHb 
ÖHHCKaBKH p  = 0,999.
HaKpecnHTH ropH30HTanbHHH nepeTHH 30hh 3axncTy önncKaBKOBigBogiB B Pn 
Ha BHCOTi hx.
napaMeTpn po3Mirn£HHfl önncKaBKOBigBogiB no nnornum B Pn HaBegeHi b 
Taön. 4.1.
PncyHoK 4.1 -  CxeMa po3Mirn,eHHa CTpn^HeBHx önncKaBKoBigBogiB BPn-110 kB
Apxyw
B P  5 .6 .1 4 1 .2 5 4  n 3 633mh. ApK. Ng ÖOKL/M. nidnuc Mama

















58 34 34 26 32 10 14 6
1. BH3HanaeM0 BigcTarn L6 Ta L7:
r B  -  L  34 -  26 „
L6 = ------2 = ----------= 4 m;
6 2 2
r B  -  L  34 -  32 „
L  = ------3 = ----------= 1 M.
7 2 2
2. BH3HanaeM0 BigcTarn p x Ta p 2:
p  = y L + L [  = V102 + 42 = 10,77 m;
p 2 = J L f + L  = V142 + 12 = 14,04 M.
3. 3oHa 3axHCTy nogBiHHoro CTpn^HeBoro önncKaBKoBigBogy CKnagaeTbca 3
30BHimHix oönacTeö 30hh 3axncTy (HaniBKOHyciB 3 raöapHTaMH h0, r0), rn,o
BHKOHywTtca 3a ^opMynaMH gna ogHHHHHHx CTpn^HeBHx önncKaBKoBigBogiB. 
Po3Mipn BHyTpimHix oönacTeö BH3HanawTbca napaMeTpaMH h0 i hc, nepmnfi 3 akhx 
3agae MaKCHManbHy BHcoTy 3ohh 6e3nocepegHbo öma önncKaBKoBigBogiB, 
a gpyrnfi -  MiHiManbHy BHcoTy 3ohh nocepegnm Mm: önncKaBKoBigBogaMH.
3oHa 3axHCTy ogHHHHHoro CTpn^HeBoro önncKaBKoBigBogy bhcotom h  < 30 M 
npn HagiHHocTi 3axncTy p  =  0.999, BH3HanaeTbca piBH^HHaMH:
h0n = 0,7hn
„ = r0 n • (h0 n -  hx )
I rxn j ‘
h0n
r0n = 0,6 ■ hn
Po3paxoByeMO bhcoth ÖHHCKaBKOBigBOgiB 1 Ta 2 BHXOgaHH 3 yMOBH CTBOpeHHa
HHMH 3OHH 3aXHCTy Ha BHCOTi hx gO KyTiB BPn:
h0i = 0,7hi
r01 ■ (h01 — hx)
i rxi = , ----- --> nPu ^1 = p i .
hoi
roi = 0,6 ■ hi
fflnaxoM MaTeMaTHHHHx nepeTBopeHt OTpHMaeMO piBHHHHH BigHOCHO myKaHOi 
BeHHHHHH h i .
0 ,6h i ■ (0,7hi -  hx) .
Pi = 0,7hi ’
0,42h,2 - (0 ,7  p  +  0,6hx) h, = 0; 
h  = 0; h  = 26,52 m.
Ocihtohho npHHMaeMO ÖHHCKaBKOBigBOgn 1 Ta 2 bhcotom hi = h2 =  26,52 m, 
TaK hk BOHa 3agOBOntHae yMOBi 3acTOcyBaHHa piBHHHb npn h  < 30 m.
PO3paxOByeMO bhcoth ÖHHCKaBKOBigBOgiB 3 Ta 4 BHXOgaHH 3 yMOBH CTBOpeHHa
HHMH 3OHH 3aXHCTy Ha BHCOTi hx gO KyTiB BPn:
h03 = 0,7h3
r03 ■ (h03 — hx )| rx3 = J0̂ f I---- -- , nPU rx3 = p 2;
h03
,r03 = 0,6 ■ h3
fflnaxoM MaTeMaTHHHHx nepeTBopeHt OTpHMaeMO piBHHHHH BigHOCHO myKaHOi 
BeHHHHHH h3.
0,6h3 ■ (0,7h3 — hx) .
P2 = 0 ,7 h  ’
0,42h2 - (0 ,7  p 2 +  0 ,6 h x) h3 = 0 ; 
h  = 0; h  = 31,96 m.
BncoTa ÖHHCKaBKOBigBogiB h3 =  h4 = 31,96 m, He 3agoBOHbHae yMOBi 
3acrocyBaHHfl piBH^Hb npn h  < 30 m, TOMy gna po3paxyHKy bhcoth 
önHCKaBKOBigBogiB 3acrocoByeMO HacTynHi piBHaHHa:
h03 = [0,7 -  7,1410-4(h -30)]h3;
r03 ' (h03 — hx )
i rx3 = 03 , — - ;  nPu rx3 = p 2.
h03
r03 = [0,6 - 1,4310—3 (h -  30 )]h3;
fflnaxoM MaTeMaTHHHHx nepeTBopeHt po3B’,a3yeMO cncreMy Ta 3HaxogHMO
3HaneHHa bhcoth 3 ÖHHCKaBKOBigBogy h3 = 32.1 M, rn,o 3agoBOHbHae yMOBi 
3acTOcyBaHHa piBHaHb npn 30 < h < 100 M.
OcTaTOHHO npHHMaeMO ÖHHCKaBKOBigBogn 3 Ta 4 bhcotom h3 =  h4 = 32,1 M.
4. Po3paxoByeMO napaMeTpn 3OHH 3axncry ÖHHCKaBKOBigBogiB 1 Ta 2:
A2 = L2 = 26 m;
r0i =  r02 =  0,6 ' h  =  15,91 m;
h \  =  h i  =  0 ,7 ' h  =  18,56 m;
rxi = rx2 = r°‘ ' (hn ~ hx) =  10,77 m;
h01
Lc12 = [2 ,25-0 ,01007  (h1 -3 0 ) ]  h1 = 59,67 m;
Lmaxi2 = [ 4,25-3,57-10—3 ( h  -  30)] h  = 112,71 m;
hc12 = h01 = 18 56 M, L12 < Lc12
• rev12 = r>1 (h c  12~hx) = 10.77 m, hx < hd 2
l hc12
5. Po3paxoByeMO napaMeTpn 30hh 3axncTy önncKaBKOBigBogiB 3 Ta 4:
L34 =  L3 =  32 m;
r03 = r04 =  0,6 • h  =  19,16 m; 
h03 = ho4 = 0,7 • h3 =  22,42 m;
r ,3 =  r 4 =  r°3 •(h03 -  hx ] =  14,04 m;
h03
Zc34 = 2,25 • =  71,55 m;
Lx34 = 4,25 • h  = 136,18 m;
hc34 = h03 = 22-42 M, L34 < Lc34
r  = r°3 (h c34 h ) = 1404 M h < hrcx34 , I4.04 M, hx < hc34
l hc34
6. Po3paxoByeMO napaMeTpn 3OHH 3axncTy önncKaBKOBigBogiB 1 Ta 3 (2 Ta 4):
L>3 = J (Li)2 + ( L iT L2]  = 34.13 m;
6.1 EnHCKaBKOBigBogH 1 Ta 3 MaroTt BHCOTy \  = 26,52 m
Lc13 = 2,25 • h1 =  59,67 m;
AmaxB = 4,25 • hi = 112,71 m;
hc13 = Ci = 18.56 M, C13 — Lci3
6.2 EnncKaBKOBigBogH 1 Ta 3 MawTt BHCOTy h3 = 32,1 m
Lc31 = 2,25 • =  71,55 m;
^max31 = 4,25 • ^  = 136,18 M; 
hc31 = Ab = 22.42 M, 7/13 — LC31
h _  hc13 + hc3i _ 20 49 Mhcmin13 _ ^ _ 20'49 M’
T„ r01 + r03 17 c/i , .
< rc0i3 _ — 2—  _ 17-54 M
rcxl3 _ r 013 (hcmin13 -  h )  _ 12.4 M.
hc min13
7. Po3paxoByeMO napaMeTpn 3OHH 3axncTy önncKaBKOBigBogiB 1 Ta 4 (2 Ta 3):
f  -  — -  \ 2
L 14 _ .  (T )2 + L 2 + - l — 2  _  44.69 m;
V v 2 J
7.1 EnHCKaBKOBigBogH 1 Ta 4 MawTt BHCOTy \  _  26,52 m
Lc14 _ 2,25 • h1 _  59,67 m;
Amax14 _ 4,25 • h _  112,71 m;
hc  _ 1  _ 1 H M, — 4 ^ L c
7.2 EnncKaBKOBigBogH 1 Ta 4 MawTt BHCOTy h4 _  32,1 m
Zc41 _ 2,25• h4 _  71,55 m;
L—  _ 4,25• h4 _ 136,18 m;
hc41 _ h04 _ 22-42 M, — 4 ^ Lc41
h _  hd4 + hc41 _ 20 49 Mhcmin14 _ _  20-49 M,
<r _  % + r°4 _ 1754 M
“ rc014 _  2  _  17-54 M’
^  ( K m,n.4 — K  ) _ 12.4 m.
hc min14
roprooHTantHHH nepepi3 30hh 3axncTy noKa3aHHH Ha pnc. 4.2.
PncyHOK 4.2 -  roprooHTanbHHH nepepi3 30hh 3axncTy öancKaBKOBigBogiB B Pn
BHCHOBKH
y  öaKaaaBpctKifi poöoTi 3poöaeHHfi po3paxyHOK HopMaatHoro pe^HMy poöora 
3aMKHyTOi eneKTpHHHoi Mepe^i, KoH^irypa^a aKoi öyaa BH3HaaeHa 3aBgaHHaM.
Pe3yatTaTH po3paxyHKiB BTpaT noTy^HOCTi noKa3aan, rn,o Hafiöiatm 
npngaraoro HoMiHaatHoro Hanpyroro K iat^Boi Mepe^i e Hanpyra 110 kB. 3 
ypaxyBaHHaM ^ o r o  öyan oöpam BignoBigHi nepepi3H npoBogiB gaa aiHifi 
eaeKTponepegaa, a TaKo^ rann  TpaHC^opMaTopiB Ha nigcTaH^ax.
^ a a  icHyroaoi KoH^irypa^i 3aMKHyToi Mepe^i öyan po3paxoBaHi napaMeTpn 
cxeMH 3aMi^eHHa aiHifi i TpaHC^opMaTopiB, CKaageHa po3paxyHKoBa cxeMa 
3aMi^eHHa Mepe^i fi BH3Haaem po3paxyHKoBi HaBaHTa^eHHa By3aiB Mepem
y  n p o ^ c i po3paxyHKiB eaeKTpnaHoi aacTHHH nigcTaH^i nC-1 öyaa 
npoBegeHa nepeBipKa npaBHatHocTi BHÖopy HoMiHaatHoi noTy^HocTi BCTaHoBaeHHx 
TpaHC^opMaTopiB i 3gificHeHHfi BHÖip Ha nigcTaBi po3paxyHKiB CTpyMiB KopoTKoro 
3aMHKaHHa BHcoKoBoatTHHx anapaTiB P n , BHMiproBaatHHx TpaHC^opMaTopiB CTpyMy 
fi Hanpyrn.
n p n  BHKoHaHHi po3paxyHKiB peaefiHoro 3axncTy TpaHC^opMaTopa nigcTaH^i 
nC-2 öyB 3poöaeHHfi po3paxyHoK no3goB^Htoro gn^epeH^fiHoro CTpyMoBoro 
3axHCTy Ta MaKCHMaatHoro CTpyMoBoro 3axncTy 3 KoMÖrnoBaHHM nycKoM no 
Hanpy3i.
^ a a  3axHCTy Big Mrn:$a3HHx kopotkhx 3aMHKaHt 3anponoHoBaHHfi 3axncT 3a 
gonoMororo peae THny ^3T-11, gaa aKoro öyB BHKoHaHHfi BHÖip ycTaBoK i 
po3paxyHoK napaMeTpiB oömotok peae.
npoBegeHHfi po3paxyHoK öancKaBKo3axncTy nigcTaH^i, rn,o BHKoHaHHfi y 
BHraagi CTpn^HeBHx ÖancKaBKoBigBogiB. Po3paxoBaHi napaMeTpn 3oh 3axncTy 
öancKaBKoBigBogiB Ha BHcoTi hx = 6 m.
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